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SATURATED STEAM, AND OTHER VAPORS. 


A COMPARISON of tho scvcval tables of the properties of saturated steam» 
expreascMl in English units, reveals discrepancies of considerable magnitude ; ■ 
and invi'stigation sliows that, while all are in some manner founded on the 
experiments of Itegnault, various methods of calculation have been used, and 
in some, eases other exiierinumtal data have been employed. A review of 
the whole subject, in connection with the preparation of notes on thermo- 
dynamics for the use of tlie students of tho Massachusetts Institute, of 
Te(‘hnology, made it seem inpiortautto calculate a set of tables, to accompany 
thosii notes, founded on the best and most recent data. 

In i)r(!senting tho tal)le.s for general use, it appears proper to state in full 
the datti and the methods of calculation employed, so that each one may 
see the degree of accuracy and correctness of the tables, and the reliance 
to be pliUR'd on them. 

TahU's of tho properties of other vapors have been added, which will bo 
diseiKssed hereafter. 

Pressure of Saturated Steam. — As a conclusion from all the experiments 
on the tension of saturated steam, Regnanlt gives, in the Ilmtoires de 
VInstitut de France^ etc., Tovie XXL, the following data : — 


TKMPKIIATUKE 

C. 

-82 

-16 

0 

25 

60 

75 

100 

130 

160 

190 

220 


PIU^vSSURE 
MM. or MERCURY, 

0.32 

1.29 

4.00 

23.55 

91.98 

288.50 

760.00 

2030.0 

4051.6 

9426. 

17890. 
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following formiilai, which give tlic pressure in inilliineires of inercury for 
any temperature in degrees Centigrade : — 

A. For steam from — .‘)2° to 0° C. 

p r= a -4- bti”. 
a = - O.OHO.'UC 
log b = 0.(;()21724 - 10. 
log a = o.().‘i;in‘).s. 
n = 32° — t. 

B. For steam from 0° to 100° C. 
log 2'> = 

a = -l.TOH.IOftO. 
log b = o.(;ii(;.iHr>. 
log e = H. 1310330 - 10. 
log a = 0.00(i7/.40 - 10. 
log 13 = O.OOGHOfjOOO. 
n ~ t. 

C. For steam from 100° to 220^^ C. 
log 2 > = (I -- ba" + cf3''. 

' a = r).-ir)H3Hi)5. 
log b = 0.41 2 M 70. 
log (J = 7. 74.1 Him 1 - 10. 
log a = 0.007412127 -- 10. 
log (3 = o.oo7r)0(mo7. 
n = t- 100. 

D. For steam from ~ 20° to 220“ 
log jj =: a — 6a’‘ — r/j’*. 

a = (;.2(M03.18. 
log b == 0.1307743. 
log c = 0.0024331. 
log a = 0.004040202 - 10. 
logyS = O.OOH343Hn2 - 10. 
n = f -)- 20. 

By aid of the formula A and 71, Hegnault ealeulatcnl and recorded tables 
of the pressures of saturated steam for temperaturc'H from — 32° to 100° C. 
The formula D was calculated from the. data given al)ovo for the temperatures 
— 20°, +40°, 100°, 1(>0°, and 220° C., and was intended to represent the 
whole range of experiments. By this formula, instead of formula G, ho 
calculated the preasiircs set down in his tables for temperatures from 100° C. 
to 220° C. 


that differ Init little from those that will be given later. Some of the more 
recent tables in the French system were calculated by his equations. 

Equations for the Pressure of Steam at Paris. — In view of the preceding 
statements, it appeared desirable to re-calciilato the constants for Equations 
B and C', with a degree of accuracy that should exclude any doubt as to the 
reliability of the results. Accordingly, the logarithms required were taken 
from Vega’s ten-place table, and then the remainder of the calculations were 
carried on with natural numbers, checking by independent methods, with the 
following results : — 

B. For steam from 0° to 100° C. 
log p = a — ba’‘ -f- c/3“. 

a = 4.7.‘b.hl()22M2. 
log b = 0.()1 17-100190. 
log c = 8.i;i20;J7H383 - 10. 
log a = 9. 9967255.32820 - 10. 
log /3 = 0.00C8G46 7592-1. 

71 = t. 

C. For steam from 100° to 220° C. 
log p = a — &tt“ H- c/J’h 

a = 5.457-1301234. 
log h = 0.4119787931. 
log c = 7.7417-176470 - 10. 
log a = 9.99741106340 - 10. 
log/i? = 0.007042-189113. 

71 = t — 100. 


To show 
given : — 


the 


degree 


of accuracy attained, the following tables 
FIquation B. 


t. 

p. 

1.00 p FUOM TABLK 
OF r.()(»AUITnMH. 

LOG p CALCULATED 
DY EQUATION. 

0 

4.60 

0.6027578317 



25 

23.55 

1.3719909115 

1.37199097 

50 

91.98 

1.9630934052 

1. 90309346 

75 

288.50 

2.4001458175 

2. 460 14587 

100 

760 

2.8808135923 

2.88081365 



Equation G. 


t 

P- 

LOO p FUOM TABLE 

LOG p CALCTTLATED 

01<’ LDOAIUTIIMH. 

BY EQUATION. 

100 

700.00 

2.8808135923 



are 


C aud the numerical work was not carried to so large a number of decimal 
places. For the calculation of tables, the constants are carried to seven places 
of significant figures only ; this gives six significant figures in the result, of 
which five are recorded in the table. 

Pressure of Steam at Latitude 45°. — French System. — It is customary to 
reduce all measurements to the latitude of 45°, and to sea-level. The stand- 
ard thermometer should then have its boiling and freezing points dt'termined 
under, or reduced to such conditions. The value of p, the acceleration duo 
to gravity, is, at Paris, latitude 48° 50' 14" and GO metres aliove sea-level, 
9.809218 metres; and at 45°, and at sca-lcvel, it is 9.8()(;05() metres. Con- 
sequently, 7G0 mm. of mercury at 45° gives a pressure eipial to that of 
759.755 mm. at Paris ; and this corresponds to a teinjierature of 99.°991 C. 

In other words, the thermometer which is standard at -15° has each degree 
0.99991 of the length of the degree of a thermometer standard at Paris. 

To reduce Equation B to 45° latitude, we have 


log p = 


a 4- log 


980.9218 

ihsd'(;05G 


_j_ g^O.OUUOU . 


and for Equation (7, 


log p = a -h log 


1^80.9218 

980.(i05G 


_ ^^(o.oiioou- joo) 


— a + log 


980.0218 

980.G05G 


-0.(KI0 ^^0 0801)1 (<-100) 


_j_ Q^omo i^omm «~ioo)^ 


The resulting equations whicli wore used in calculating Table HI are 
B. For steam from 0° to 100° C. at 45° latitude, 
log p = cq — -f CySj". 

cq = 4.739502. 
log b = 0.G117400. 
log c = 8.13204 - 10. 
log = 9.99G725828 - 10 
log^i = 0.()0G8G41. 
n = t. 

G. For steam from 100° to 220° C. at 46° latitude, 
log p = -f 

rq = 5.457570. 
log = 0.4120021. 
log Cl = 7.74168 - 10. 
log ai - 9.997411290 - 10. 
log 13. = 0.007G418. 
n =z t - 100. 



equations for llui pressure of steam, so that they will give the pressures iu 
pounds on llie s([uare ineli for degrees Fahrenheit, there arc required the com- 
parison of nieasuri's of length, and of w'eight, the comparison of the scales 
of the thennonu'ti'rs, juid the specilic gravity of mercury. 

Professor Uogtu’s (Pi'oa'vdiiKj^i of the Am.. Acad, of Arts and Sciences, 
also u Uhlitional OhseriHUions, etc.) gives for the length of the metre, 
■V.I.dTOii inches. 'Fliis differs from the value given by Capt. Clarke {Fro- 
ceediniis of the. Hoiial Societi/, voL xv., J(S^6'6*), l)y an amount that docs not 
affcuit the vahu's in tlu^ tables ; his value being Jh). 1170132 inches. 

Professor INIiller (Phil. Transactions, cxloi.., 1856) gives for the weight 
of oiu^ kilogram, 2.2()-l()212r) pounds. 

Kegnault gives, for the w'eight of one litre of mei'cury, 13.5J)r)l) kilograms. 
The diigree Fahrenheit is [j of tlu* length of the degree Centigrade. 

l(,t, 7>- 2.2()ir)21, 

30.3702'' 

tlum tlui (sjuations Ji and C have for the reduction to degrees Fahrenheit, 
and poumls on the H(piare inch, 

log p = Uj -t- log 1c — iJ'" -P c/3^”, 
log p - a I d- log 1c — -P Cl 

The resulting ('quations, which were used in calculating Tables I and II, 
are : — 

P. For steam from 32" to 212° F., in pounds on the square inch, 
log p = Oa — ha.f -P efif. 

Ua “ 3.025008. 
log 5 = 0.(5117400. 
log c = 8.13201 - 10. 
log (Xg = 0.1)08181015 - 10. 
log /3a = 0.0038134. 
n = t - 32. 

0. For steam from 212° to 428° F., iu pounds on the square inch. 

log;) = tta - Vi* +Ci/3a"- 
tta = 3.74307(1. 
log = 0.4120021. 
log Cj = 7.74108 - 10. 
log a._j = 0.008501831 - 10. 
log /3a = 0. 00424 54. 

= ( — 212 . 

All of the foresroinff entuitions make the pressure a function of the tem- 


other Equations for the Pressure of Steam. — Rankinc, in his Steam 
Engine and other Prime Movers^ gives the following equation : — 

1 , B C 

log p = yl - ^ ^ 

For pounds on the square inch, corresponding to degrees Fahrenheit, — 

A = (1.1007. 
log B = 3.4il(M2, 
log C = 

T = t + 4ai.°2 F. 

This equation has been largely used for calculating tables on the English 
system. The following table will give a comparison between the results from 
this formula and those from F ormuhe B and O. ' 

TICMPBEATUKE. PIIKHKITKE. 


32 

liejnmult ut 4.5“ laLilude. 

0.0890 

Hiuiklno. 

0.083 

77 

0.4555 

0.452 

122 

1.7789 

1.78 

1G7 

5.579 

5.58 

212 

14.99 

14.70 

257 

33.711 

33.71 

302 

09.27 

09.21 

347 

129.79 

129.8 

392 

225:50 

225.9 

428 

330.20 

330.3 


Differential Co-efficient — As will be seen later, the differential 

co-effleient is used in calculating the volume and density of .saturated 
vapors. 

From the general equation of the form, 

log p = a + ha'^ -}- CyS", 

differentiation gives 

1 dp 1 , 1 , ^ ^ 

pdi ~ + jfi c log /? • 

in which ihTis the modulus of the common .sj^stem of logarithms. 

The equation may be written, — 

- = Aa« + R;3”. 
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French units. 

B. For 0° to 100° C., mm. of mercury, 
log A = 8.8512729 — 10. 
log B = 0.09305 - 10. 
log = 9.990725828 - 10. 
log /3i = 0.0008041. 

G. For 100° to 220° C., mm, of mercury. 

log A = 8.5495158 - 10. 
log B = 0.34931 - 10. 
log aj = 9.997411290 - 10. 
log = 0.0070418. 

English units. 

B. For 32° to 212° F,, pounds on tlie square inch. 

log A = 8.5<)00005 - 10. 
log B = 0.43778 ~ 10. 
log a.j = 9.998181015 - 10. 
log = 0. 003813;!. 

C. For 212° to 428° F., pounds on tlie square inch, 

log A = 8.2942434 - 10. 
log B = 0.09403 ~ 10. 
log = 9.998501831 - 10. 

log = 0.0042454. 

Heat of the Liquid and Specific Heat. — A preliminary scries of experi- 
lucmts convinced llegnault that the spceinc heat of ’water at low temperature 
is unity. To t((st the spcchic heat at higher temperatures, ho ran hot -water 
from a hoiler, and at a known hnnperaturc, into a calorimeter in which the 
tcnnptirature varical from 8° to 14° C., and the resulting upper temperature 
varied from 17° to 29° C. Knowing the original weight of water in the 
calorimeter, the weight run in from the hoiler, and the initial and final 
temptu’atures in tlie calorimctei’, he calculated the mean specific heat of water 
hi'twccn the temperature of the boiler and tlie final temperatures of the 
calorimeter. A series of forty such cxiieriments was made, with the tem- 
perature of the boiler varying from 108° to 192° C., from which llegnault 
concluded that the mean specific neat from 0°to 100° is 1.005 ; and from 0° to 
200°, I.OIG. The corresponding heat of tlie liquid, i.e., the heat required 
to raise one kilogram of water from 0° to a given temperature, t, is 



and solving for the two constants by aid of the two known values of <7, the 
following equation, which is commonly used, is deduced : — 
q = t^ 0.00002i- + 0.0000003^®. 

The specific heat at any temperature is, therefore, — 

c = -?- = 1 4 - 0.00004^ -f 0.0000000?=". 

dt 

These equations are for use with the Centigrade scale ; for the Fahrenlieit 
scale, a given temperature may be reduced to the Centigrade scale, and then 
introduced in the same equations. 

The process of making the experiments is really a complex one ; for the 
water, in leaving the boiler, has work done on it by the steam prcHsure in 
the boiler, and it has a certain velocity imi)ress on it at the same time, and 
again, in entering the calorimeter, it does work against the atmospheric 
pressure, and the kinetic energy of its motion is changed into heat. At 
higher temperatures there is a double change of state ; part of the water 
changes to steam on leaving the boiler, and that steam is eondemsed again in 
the calorimeter. It is probable that the error of neglecting the effect of these 
several actions is inconsiderable.' 

The degree of accuracy to be accorded to this work is inditaited by the 
fact that Regnault gives four significant figures in stilting the data for 
the calculation of the constants in the oiiuations. 

Eowland’s Experiments. — A scries of cxperinumts w’iis made by Rowland 
at Baltimore, to determine the mechtmieal eciuivahmt of liciit, which giive a 
delicate method of determining the heat of the liquid, and the specific heat. 

The apparatus used was similar to that used by Joule, with modifications 
to give greater certainty of results. The calorimetiir wsis of largcsr si/.e, and 
the paddle had the upper vanes curved like the blades of a centrifugal punq), 
to give a strong circulation up through the centre, past tluf thermometer for 
taking the temperatures, and down at the outside. The paddle was driven 
by a petroleum engine, and the power applied was measured by making the 
calorimeter into a friction brake, with two arms at which the turning moment 
was measured. Radiation was made as small us possible, and then was made 
determinate by use of a water-jacket outside of the calorimeter. 

The experiments consisted essentially in delivering a measured amount of 
work to the water in the calorimeter, and in noting the rise of temperature 
produced thereby. 

The whole range covered by the experiments wfis from 2° to -1 1® C. The 
results show that 430 kilogrammetres of work are required to raise one kilo- 
gramme of water from 2° to 3° C. Assuming that the same amount will bo 


ROWLAND’S MECHANICAL EQUIVALENT OF HEAT. 


Degrees, C. 

Total Number 
of Kilogram- 
meters. 

Mechanical 
Equivalent 
of Heat. 

1 

a 9 

^ <y 

Heat of the 
Liquid, 
Calculated. 

Degrees, C. 

Total Number 
of Kilogram- 
meters. 

Mechanical 
Equivalent 
of Heat. 

<u s 

- -a 

Heat of the 
Liquid, 
Calculated. 


430 


1.0008 

1.007 

22 

0424 

420.1 

22.007 

22.003 


SCO 

- 

2.0137 

2.014 

23 

08:70 

42().0 

23.003 

23.001 

•‘1 

IZUO 

- 

3.0204 

3.022 

24 

10277 

427.0 

24.002 

24.050 


1731 

- 

4.0205 

4.020 

25 

10701 

42,7.8 

27.05.7 

27.058 


21.70 

420.8 

5.0330 

7.030 

2(> 

11128 

427.7 

20.054 

20.053 


2.7H0 

420.7 

0.0408 

0.040 

27 

11:7.73 

427. () 

27.070 

27.048 


ilOOl) 

420.3 

7.0472 

7.04:7 

28 

1 1078 

427.0 

28.045 

28.0-12 


3430 

420.0 

8.0720 

8.040 

20 

12300 

427.7 

20.031 

2t).037 

■RH 

38(IS 

428.8 

0.0704 

0.054 

30 

12828 

427.0 

30.035 

30.032 

BnH 

4200 

428.7 

10.070 

10.0:78 

31 

132.73 

427.0 

31,030 

31.027 


4723 

428.3 

11.078 

11,000 

32 

13077 

427.0 

32.018 

32.023 


7171 

428. 1 

12.001 

12.001 

33 

14101 

427.7 

33.010 

33.018 


7778 

4-27.0 

13.000 

13.003 

34 

14727 

427.7 

34.011 

34,014 

HBB 

0000 

427.7 

14.003 

14.004 

37 

14072 

427.8 

35.008 

35.000 

H|9 

0433 

427.4 

1,7.007 

17,000 

30 

17370 

427.8 

30.008 

30.007 


0801 

427.2 

10.004 

10.000 

37 

17807 

- 

37.007 

37.005 

Hvfl 

7280 

427.0 

17.000 

17.000 

38 

10231 

- 

38.003 

38.004 

HjfjH 

7717 

420.8 

18.008 

18.000 

30 

10077 

- 

30.000 

30.002 


8144 

420.0 

10.008 

10.000 

40 

17083 

_ 

30.008 

40.000 

B 

8.771 

8007 

420,4 

420.2 

20,008 

21.007 

20.000 

21.004 

41 

17708 


40.003 



In tlu) above table, eolnnin 1 gives the number of degrees above freezing 
on the Centigrade scale ; eoluinn 2 gives the number of kilogrammetres 
reciuired to raise one kilograinnio of water from fi'cezing point to the given 
temperature ; column li is Rowland’s mechanical equivalent of heat at the 
given temperature derived from 10° intervals on column 2 ; column 4 is 
obtained by dividing the numbers in column 2 by the mechanical equivalent 
of heat at 1()|° C., or 02° F., from column 3 ; and column 5 is calculated by 
considering the specific heat to be constant for each five degrees of tempera- 
ture. These specific heats were derived from a curve obtained by plotting 
temperatures for abscissie, and heats of the liquid for ordinates. The values 
of the apeoific heats vrill bo given later, in connection with those for higher 
temperatureB. 

A review of the preceding table shows that the specific heat at low tem- 
peratures varies quite markedly, so that it appeared advisable to investigate 
the effect of this variation on Rcgnanlt’s experiments already quoted. 
This was done quite expeditiously by multiplying the mean specific heat given 
by him for his several experiments by the true average specific heat for the 
raime of tomnerature in the oalorimeter. This corrected snecific heat was 
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temperature of the boiler. The results were then plotted as before, and 
compared with the heats of the liquid derived from Reo-uault’s mean specific 
heats uncorrectecl. The points by the (HirrecUnl method were a little more 
regularly arranged than the points obtained by assuming tiie spe.dlic, heat to 
be unity at low temperature.s ; but the improvimient was ineonsiderable. The 
inequality of the specific heat at low teuqieratures is seldom so much as the 
unavoidable errors of the method. 

It appeared, that if the siiecilie heat was assumed to be constant, from 
40° to 45°, from 45° to 155°, and from 155° to ‘2(10" the straight lines thus 
drawn represented the exqierimental values as recalculated (piite lu'arly ; and, 
further, they represented the mieorrec.ted expiulnuMdal values more luairly 
than Regnault’s equation. 

Specific Heat of Water. — The combination of Rowland’s aiul Rcgiuiult’s 
experiments on the heat of the Ii(|uid by the method di'scribed gives the 
speciiic heats set down in tlie following table, ('mitigradc. si-alc : — 


sci:ciKic nr; AT. 


From 0° to 

.5° C. 

.32" to 

41" 


1.0072 

5° 

10° 

41° 

50" 


l.OOl 1 

10° 

1.5° 

50" 

50" 


1.0010 

15° 

20° 

50" 

OH" 


I. 

o 

O 

GS 

2.5° 

OH" 

77" 


O.OOH.l 

2.5° 

30° 

1 i 

HO" 


O.OOIH 

30° 

35° 

HO" 

05" 


o.o;i 5 1 

3.5° 

40° 

ito" 

104" 

* * « 

O.OOH2 

O 

o 

45° 

104" 

11.3" 


1. 

4.5° 

155° 

1 1.3° 

.311" 


I .OOH 

155° 

200° 

.31 1" 

.302" 


I.OlO 

Thermal Unit. — Heat 

is measured in 

ealori(‘S, or British thermal imits 


(BTU). A (udorie commonly is <lcfme(l as Ihc hetd rc(|uircd to raise one. 


and a British thermal 
ih ’ h'. Nothing is known 


kilogramme of water from frcc/dug jioiiit to 1" ( 
unit, that required to raise one pound from .’12'’ to 
about the apecilii^ heat of water from o" to ‘2" (’. ; consciiucidly tiic foimnonlv 
accepted value of the thermal unit is an ideal quantity inferretl from the 
behavior of water at higlier temperatures. It is more .Hcieiitifie to take* an 
easily verified (pianiity for the standanl ; and there is a priunieul eoiivimienee 
in choosing (1*2° F. for the standard temiierature, beenuse it is m-ar the nuain 
temperature of the air during exju'rinumtal work, 'riierefort', it is near (he 
mean teranerature in the calorimeter during ordinarv work with that iiistm- 


one pound of water from 02° to F. This agrees substantially with the 
delluitioii of tlu' e.'dorie, as the heat required to raise one kilogramme of 
fvaU’r Iroui l’)° lo 1(5° C. 

In till' tables for otlier vapors than steam, the old definition for the calorie, 
and Rt'gnanlt’s value for the heat of the liipiid, are retained, to avoid entire 
reealeiilation. 

Mechanical Equivalent of Heat. — The meehauieal equivalent in metre- 
kilograuniu's of one. eidorie at 1(5;’;° Cb, deduw'd from Rowland’s experiments 
in llu' Ihird eoluinn of the table on page TiS, is -kiT.]. 

’ Since the value g'ivmi liy donle is eominonly (pioted, it will lie of interest 
lo malvi' a comparison of his latest work (1<S7.‘5) with Rowland’s, as given in 
the following labh' : — 




Rciliu-cd to tlio .'Vh' 'I’lioi'iiuiiiudci' 



.Imilc’H VuliU' liL 

mill Lo lli(! lulitiulo of UiiUiinoi'c. 

Ilowliind’M Value, 

'1'i‘iMliiM'UUiri'. 

Muiu'Iu'hU'I', 
UlIHlinlt Syt<U'Ul. 

I'IiikIIhIi. 

Ki'L'milt. 

con'eaijondiiig. 

1 1.7" 

772.7 

77(t. 1 

42.”). S 

427.0 

bJ.T'’ 

77'l.(5 

770.5 

427.1 

42S.0 


77!i. 1 

77(’..-l 

420.0 

427.:! 

il..')" 

7(i7.0 

770.5 

422.7 

427.5 

IT.U" 

771.0 

777.0 

420.:! 

420.0 


'file value of [f at. Haltimon', latitude. .‘W" 17', is DHO.Oo eeutiiuetres there- 
fore, rediu'ing to .l.V of latitude, and at the sea level, the value of the 
meehauieal equivalent of heat is 
J ™ TJO.!), 

To I'eduee to the Kuglish system, multiply by •§, and by the length of the 
metre ill feet, Ho that 

J -r. 77H. 

Total Heat.' 'I'liis I.erm is denned as the heat ri'quirc'd to raise a iiuit of 

weight of water from freezing point to a given temperature, and to entirely 
evaporate it at that temperature. The expiuhneiitH made by Reguault were 
ill the reverse order*, tlmt is, stmun was led from a lioiler into the calorimeter, 
and there condensed. Knowing the initial and lliuil weights of the calori- 
meter, the temperature of the steam, and the. initial and (inal temperatures 
of tlu' wider in the ealorimeter, he was able, after applying the necessary 
vorrectiouH, to enleuluLe the total lieata for the several experiments. 

Ah a eouelushm of the work, he gives the. following values for the total 
uoatH 1 — 


I O' 


CIO 
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SATURATED STEAM, AND OTHER VAPORS. 


Assuming an equation of the form 
X = A -}- St, 

Regnault calculated the constants from the values given for 100° and 195°, 
and gives the equation 

X = 606.5 4- O.SOoi. 

Wishing to see the effect of the varying value of the specific heat at low 
temperatures, I recalculated the total heats given by experiment, by a method 
resembling that used in recalculation of the heats of the liquid, and plotted 
the results together with Regnault’s values uucorrected. The recalculated 
points were a little more regular than the original ones, and lay nearer the 
■line represented by the above equation. Especially did the recalculated 
points for those experiments, for which the true mean specific heat of the 
water in* the calorimeter was nearly unity, lie near that line. It therefore 
appears that the equation represents our best knowledge of the total heat of 
steam. 

For the Fahrenheit scale the equation becomes 
X = 1091.7 + 0.305 (t - 32). 

Heat of Vaporization. — If the heat of the liquid be subtracted from the 
total heat, the remainder is called the heat of vaporization, and is represented 
by r, so that 

r = X — g. 

Internal and External Latent Heat. — The heat of vaporization overcomes 
external pressure, and changes the state from liquid to vapor at constant 
temperature and pressure. Let the specific volume of the saturated vapor be 
s, and that of the liquid be a, then the change of volume is s — o- = rt, on 
passing from the liquid to the vaporous .state. The external work is 
— (t) = 

and_the corresponding amount of heat, or the external latent heat, is 
Ap{s — cr) = Apu, 

A being the reciprocal of the mechanical equivalent of heat. 

The heat required to do the disgregation work, or the internal latent 
heat, is 

p — r —Aim. 

Specific Volume and Density of Steam. — On account of the great diflficulty 
of direct determination of the weight of saturated steam, it is customary to 
calculate the specific volume of steam by aid of the following equation, 
derivpfl bv the finnb’cn.tinn of the nrinninles of thermo-dvnamies to the .o-pnov';] 
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in which A is the reciprocal of the mechanical equivalent of heat, T is the 
temperature from the absolute zero, and o- is the volume of one unit of weight 

of the liquid from which the vapor is formed. The differential co-eflicient 

can 1)0 calculated by aid of the equations on page 11. 

The alisolutc temperature is obtained by adding 273.7 to the temperature 
in degrees Centigrade, (jr 4(10.7 to the temperature in degrees Fahrenheit. 

Tlie volumes and densitic's of saturated steam given in Tables I, II, 
and 111, were calculated by this method. 

It is of interest to consider the degree of accuracy that may be expected 
from this method of calculating the density of saturated vapor. The value 
of r repends on X and q ; for the first, Regnault gives three figures in the data 
from which the emiiirical equation is deduced, and the experimental work 
■does not indicate a greater degree of accuracy. The fourth ligure, if stated, 
is likely to be in error to the extent of five units. The value of T is com- 
monly stated in four (igures, of which the last may be in error by two units. 
U.4, as determined by Howland, has four figures, the last being uncertain to 

the extent of one or two units. The differential co-cfliciGiit s- is deduced 

dt 

from the eciuations for calculating p; and those equations are derived from 
data having five places of significant figures. Now the Equations B and 0, 
for steam at 4;")° of latitude for the English system give a pressure of 14.01)07 
pounds on the square inch; but the specific volume calculated by aid of 
Equation B is ‘iO.fioO cubic feet, while Equation G gives 20. 037 cubic feet. 
The mean, 20.00, differs from cither extreme by about one in seven hundred. 
This (liserepanoy is due to the fact that the curves represented by Equations 
B and G meet at the common temperature, 212°, but do not have a coiumon 
tangent. Since the eiiuations arc empirical and not logical, the error or 
uncertainty is uimvoidalile, and all calculated specific volumes are affected by 
a similar uncertainty. The greatest probable error is in determining r, for 
wliie.h it may be about one in one thousand. The error introduced into this 
equation by using the values of ..'t in common use, that is, 772 instead of 778, 
is about one in one hundred. 

Tate and Fairbairn’s Experiments. — In 18(10 an attempt was rnade by 
Tate and Fairbairn to dihermine the specific volume of steam by direct 
■experiimmt. Tlic following table, taken from the Philosophical Transactions. 
Vol. ii., givi'H the results of all their experiments, together with the volumes 
calculated by their empirical foiunula, 



It is appiiront tluit the orrorH of this foruuila juv iiiucli luriL!:!-!' tlmu tho 
prolial)lci errors of the tlierino-dyiiiuiiic iiielliod. 

Tho following- table, giving the volumes hi eidiie luetrcs of one kilogranmio 
of saturated steam, shows tho oomiiariHon of the two imdhodH : — 


By equation 

0" 0. 

fill" o. 

100’ 

ir.ti" (!. 

iltiii* 0. 

- , 

^ ~ Jt ■ i/jj 

211,0 

12.11 

I.GCO 

o.;5H7r) 

U.1277 

From e(puitiou 






V ~ 2i).G2 F - 

F -h 0.7-^’ 

54.07 

ii.4;j 

l.hb’l 

o..'}7()ri 

0.1 did 


Steam Entropy. — From tho second law of thenno>dynanucH may bo 
deduced the equation 


in which <p is the entropy, clQ is the heat applied or witlidrawn, and 7’ is the 
absolute temperature. Since the entropy depemlH on the state of the sub- 
stance only, and not on the method of arriving at that stati*, we may ealeulato 
the increase of entropy in one unit of weight of a given mixture, of water 

finrl atnom o1\/^TTrt +1.^. , « , . « . . . 









treezing point to tnc temperature p, and that the portion x is then changed 
into steam. During the lirst operation the change of entropy will be 


„ r' dq cdt 

^ = j. T = J. T • 


During the second operation the change of entropy will be 

xr 

since the heat is added at the constant temperature t. The entire change of 
entropy will be 

xr . C cdi xr , . 

J« ~T ~ T ■ 

At any other state the entropy of a unit of weight of a mixture of steam 
and waiter will be 

<35>i = ^ 

•^1 


-#> = ^ 


and the change of entropy will be 


xr 


</> " 01 = y + ^ 




^x- 


During an adiabatic change no heat is transmitted, and the entropy is 
constant. 

f + ^ = ^ + ^1- 

When the initial state including the value of x is known, and also the 
final tem][)i!ruture or pressure, the (inal value of a\ may be calculated by 
the above eipiation ; and the initial and linal volumes may bo found by the 
equations 

V = XU 4-0*, 'Wj = .aipq -1- o* ; 

the value of m for a given temperature or pressure, from the equation, 

a = u -|- o*. 

Entropy of the Liquid, — When the specific heat of a liquid is known in 
terms of the temperature, the entropy of the liquid, 


fedt 
Jo "t ’ 


is readily calculated. For water we luive, for example, the entropy of the 
Ihpiid at C. 


T, 




1.0072 log« 4- 1.004-1 log« -4- I.OOIG log. 


Tk 


For other liquids having the general formula for the heat of the liquid, 

q = at ht‘^ ct^, 



other Vapors. —Tables IV to IX iiro taken from Zeuner’s J^rechanifirhen 
Wdrmetheorie. Ills values for the speeitie volume and density were ealcai- 
lated vvitli 278 for the absolute temperature of O" and wilh •12-1 for tlie 
mechanical equivalcut of heat. To brinjj;' these tal)les into nceord with 'rabies. 
I, II, and III, the vahio.s of the s[)eeinc volimii^ and density Iiavc' lieen 
modified by using 278.7 for the absolute t{*m[)(*rallIr(^ ol 0 L'., and •I2(!.7 for 
the mechanical cupiivaleut of heat at Paris. 

The equations by which the tabh‘s were ealeulati'd, takmi from Uegnault’s 
memoirs, .Zlcadi^mfe das jSdnicas, (fomplas rcndus, Toma XKXVI, are hero- 
assembled, together with Zeuncr’s eipnitioms for the ililTereutial co-cllleicnt,. 
1 dj:) 

P 

TEMPHRATTTRE AKI) RRESSTIRK. 





1) 

Q 

1 

BHR 

a 

4 

s 

Alcohol 

(1 — bft” 'h rd" 

n..|.'')ivin2H 

•I.SISOUllllO 

(td-lsniMi? 

Ether 

(1 + //«“ “ rH'* 

rt.(r.is(!'.*uH 

o.nnd'jt's-i: 

IlltHthlU 

Chloroform .... 

a — Art” — rd" 

r).22o;i.s!);i 



Carhou btsulplildo 

(1 •— //rt" r/t” 

n.-ini i(!(i 2 


n.2S.*7:!N(i 

Carbon tetrachloride . 

H — Art'* — rfi“ 


1). 187.’; ISO 

l.li(i7lsii() 


TEMraiiATURM AND PliKS.SDRK — Cmirhalnh 



loK rt. 

I"K /). 

u 

I.lliiiU. 


Q 

7 

H 

t) 

Alcohol 

,1.007(18557 

i.ooniiHr. 

t f *20 

'~'’20‘’,+ir)0«(;. 

Ether 

0.01.1,5775 

I.OO(ts77 

t t 80 

— 80« 18(1*’ 

Chloroform .... 

■1.007-11.1-1 

1.OHOS170 

t— *20 

q 8n« 4 hid® 

Carbon bisulphide 

1.00770*28 

1.0011007 

M-20 

—’20®, -M 41)0 

Carbon tetracdilorklo . 

■1.00071*20 

LtnMSiTsi) 



t+’’20 



The equation for the temperatui'e and prcHBurc of the Haturatcd vapor of 
aceton, as recabulated by Zeunor, is, — 

log p =: a — ha** 4- 













p dt 

l^rom ZciuiKjr’s Wtinnetheorle, 



Skin, 

Log (Aa") 

'■ 




Log (JSfi”) 

Alcohol .... 

-h 



—1.1720041— 0.002014.3ii 

-2. 0902701-0. OGOOni 5 (. 

Kthor 

+ 

H- 

— 1 .:5:i!)0024— o.oo:i 1 22:h, 

—4. 40 lOdOG+0. 0145775)' 

(Chloroform , . . 


+ 

- 1 .:{4ioi:50— o.oo2r)8rjflt 

— 2.0(lt>7l24-O.Ol;U824)i 

(Carhou hiHulnhide . 

-b 

-f 

- 1.4:W0778-0. 0022:172 1 

—2.051 107S-0.008800:i« 

Carbon ti'.traohloridc, 

-t- 

-t- 

—1.801 1078— 0.0002880i 

— l.JjSl 2195-0.0050220£ 

Acetou 

+ 

4- 

- i.;{2r)Sr,;}5-o.oo2(3i4S« 

i, toinperature C. 

— 1.0004582-0.0215592£ 


Alcohol 

Ether 

Cliloroform 
Ctu'])oii bisulphide 
Carbon tetrachloride 
Aeetoii . , 


HEAT OF THE IHQUIT). 

q = 0.M754J + 0.001 1218f2 + 0.000002206ts 
q = 0.52901i + 0.0002959^^ 
q = 0.23235i -|- 0.0000507i^ 
q = 0.23r)23f + 0.0000815«2 
q = 0.19798i + 0.0000906^^ 
q = 0.r)0G-13i + 0. 0003905^2 


hither 
Chloroform 
Carbon bisulphide 
Carl)ou tetra(!liloride 
Acetou 


TOTAL HEAT. 

X = 94 + 0.4r>i - 0.00055550^2 
X = 07 -b 0.1375« 

X = 90 + 0.14G()K - 0.0004123^2 
X = 52 + 0.14(;25i - 0.000172<2 
X = 140.5 + 0.30014^ - 0.000510f2 


The total heat of alcohol varies in so irregular a manner that no equation 
(uui be given for it. 

Zi'une.r gives the following empirical equations for calculating the heat 
eciuivah'ut of the internal work, which are proposed to lessen the labor of 
calculation 


HEAT 

Wat(>r 

Etlu;r 

Chloroform 
Carbon bisulphide 
Carbon tetrachloride 
Acetou 


EQUIVALENT OP INTEKNAL WOIiK. 

p = 575,40 - 0.79U 
p = 86.54 - 0.10G48i - 0.00071GO«2 
p = 62.44 - 0.11282f - O.OOOOHOi;® 
p =r 82.79 - 0.11440i - 0.0004020«2 
p = 48.57 - 0.00844i - 0.0002080^® 
p = 131.63 - 0.20184^ - 0.0006280^2 


Sulphur Dioxide and Ammonia. — The use of ice-machines has brought 
hiin o)'nnb)u*iu‘f' bninhls wliinh vanorize at low temneratiires. For two such 









SUI.PIIUK niOXIDB. 

log p =1 a — ha”- — c/?* 
a = 5.G()G3790 
h = 3.0146890 
c = 0.1405400 
log a = l.OOT-iOSO 
log (3 = 1.9872900 

91 = it -f- 28 

Limits, —28, +62. 


AMJtOXIA. 

log p — a — Z>a" — Cj8” 
a = 11.5043330 
h = 7.4503520 
c = 0.9499674 
log a = 1.9996014 
log (3 = 1.9939720 
n = t + 22 
Limits, —22, +82. 


Unfortunately the heat of the liquid and the total heat for these sub- 
stances have not been determined. We -have, however, some of the 
properties of these substances in the gaseous state or more properly in the 
state of superheated vapors. 

Now, it has been shown by Zcuner that superheated steam may have ita 
properties represented by the equation 

])v ~ BT ~ 

in which p is the pressure in pounds on the square foot or kilograms on 
the square meter, v is the volume of a pound in cubic feet or of a kilogram 
in cubic meters, and T is the absolute temperature. The constants have 
the following values when calculated from the properties of saturated 
otearn*. 


French units, . . . . .5 = 51,3 (7=198 « = i. 

Fnglish units, . . . . 5 = 93.5 (7= 971 « = + 

It was first proposed by Ledoux to find similar equations to represent 
the properties of superheated sulphur dioxide and ammonia, and to use 
such equations for calculating approximate tables of the properties of these 
vapors when saturated, just as the tables of the properties of saturated 
steam had been used in establishing the equation for superheated steam. 

In the Thermodyoiamics of Uie Steam-engine by the author, pages 453 
to 459, this calculation has been carried out with the best ascertained 
properties of the superheated vapors of sulphor dioxide and ammonia with 
the following results: 


SULPHUR DIOXIDE. 

French units, pv = 14.5 T — 48p°®® 
English units, = 26.4 T — 184p®'®® 


AMMONIA. 

pv = 54.3 T- 143/ 
^9y = 9 9 T — 540/ 


mUrt lin-n rk-T flioon nmiofiAna fr> +.TiA vn.nnvn wtiATi Bn+nrafArl mvon 


liEAT OF VAPOIlIZATIO]Sr. 


AMMONIA. 


SrrjMIt'R DIOXIDE. 

French units, r = OS — 0,27/ 
English units, r — 17G — 0.27(/ — 32) 


r = 300 - 0.8/. 
r = 540 ~0.8(/ — 32). 


Specific ITeat of the Liquid. 
Bunrmiu dioxide. ammonia. 

c = 0.4 


Tnhles X and XT were ealcnlatcd hy aid of the equations written, and 
may be of xiw. for approximate calculations, in default of more reliable tables. 

Specific Volume of Liquids. — Table XII was taken from the PJujs.-Chem. 
Ttil)cll(‘)i of Landolt and llornatein. 

Volume of Water. — Tal)lo XIII gives the volumes of water eompared 
wit'n its voliune .at 4°. From 0° to 100° C., the values are those given by 
Rossetti. Abov(Dl00°, tlui values are those calculated by the equations given 
by Him in the jlnnalc.'x de Cliimie e.t da Physifjva^ 1807. 

Volumes of Liquids. — The volumes of li(iuids at high tempcratui’es, eom- 
pared with the volume at freezing point, arc represented by the following 
cupiations given by Him in the Annales: — 


Water 10(1° (I. to 200° (I. (vol. at4°C.= T.okh. 

unity) u=l+0.00010H07S7.'>/, 0.0:1014-15- It) 

+0. 0( )()( )0:5t )( )7:5( 15:1 4 .4 78 1 802— 1 0 
+0.0U()()()()0()287:U)-I22/s 1.4r)S:Ulil— 10 
—0. 1 )U00( )()( )()0t)O(i()4570:JR‘ 8.8225400-21 ) 

Alcohol :i0°(k to 100° 0. (vol. at 0° C.= 

unity) •o=l+o.()007:!8S)2205/i 

4-0.0(H)01()5.-)2:J5/.- 
— 0.0001 )00002480842/." 

+0.0001101)1)00404 i;J507/* 

Ktlu'i' :10° C. to l:l0° C. (vol. at 0° C.= 

unity) . i}=l+0.01)i:M8!)()5i)/ 

+0.01)001 1055:17 /-■“ 

— 0.01)Ul)001):!44l)0750/.i' 

+o.ooooooooo;j;i 772 () 02 i:'‘ 

(’arhon hisulphide :]0° to 100° C. (vol. at 

U°(’. = uuity) •r=l+0.0()n08055()/ 

+0.000001048050862 
—0.0000000008 U 1 00026-'> 
+0.0000000000000405806'i -.7840404—20 

Carbon tetrachlorhlcs !J0° to 100° C. (vol. at 

0°C. = uuity) r=l+0.001 06718836 7.0282400-10 

+0.0000035051378/, 2 4.5520703--10 

-0.00000001404028U» 2.1740202-11) 

+0.000000000085182318/* I). 9303404— 20 


0.808.5001—1(1 
3.02:13402—1(1 
2.1. 000517— 1(1 
0.01:05278 — 10 

7.1200817-10 
4.810.1800—11. 
2.5:577028“ 11 
0.5285571 — H) 


7.0(5740:5(5—10 
4.2172103— 10 
0 . 0001220— 10 



other Data. — l^or couvenicnec the following data an' iissonibU'd : — 


Length of the metre in inches . 

Weight of the Icilograinme in pounds . 

Weight of 1 litre (1 cu. decimetre) of mercury 
One horse power, in foot pounds per .second 
Cheval cl vapeu 7 ’., in kilogrammetres per second 


Normal pressure of the atmosphere . 


Absolute temperature of freezing point 


f (Rogc'rs) 

1 .‘iS).;{7()l;i2 ((’lurke) 

llL.VJoU kilos. 

TmO 

To 

7(!{) mm. of mcnuiry. 

1 (),.’1;{M kilos per sep m. 
1-1.(!!)()7 Ills. p(‘r s(j. in. 
2 1 1 (i.;{2 lbs. per. sii. ft. 
( 27;b“7 ('. 

1 -11)2. "7 V. 


Explanation of the Tables. — In Table I, the first eolumu gives llu; tem- 
perature, i, of saturated steam. 

The second column gives the corre.sponding prc'ssuri', p, in pounds on the 
square inch, above an absolute vacuum ; the. diUVrenees ar(> placed between 
the two numbers from which they are derived, h'or example, Ihc pressure, 
at 40° F. is 0.121 fi pounds ])er scpiarc inch ; and the dilTcrc'uee to be. list'd in 
interpolation, and placed half a line lower, is -IH. 

The third column gives tlm heat of the licpiid, q, retpiirc'd to raisi' the 
temperature of one pound of water from 22° K. to a given temperaturi'. 

The fourth column gives the total lieat, A, reepnred lo raise oiu' pound of 
water from 32° F. to a given tc'inperature, and Lo entirely vapori/.e, it under 
the pressure due to that tempc'raturc. 

The fifth column gives the heat of vaporization, or llu* heat ret|uired to 
vaporize one pound of water at a given temperature, umlei’ the pressure 
corresponding. 

The sixth column gives tlu' heat rc'caiiri'd lo do the di.sgregnlion work 
during the vaporization of one iiound of water. 

The seventh eolumu gives the heat recpiirc'd lo overeome the external 
pressure, and do the work of inereasiug llu' vohinu' from cr to h. 

The eighth eohinm gives tlie entropy of the litpiid. 

The ninth and tenth eolimiUH give the speeilie volunu', or volume in eubic 
feet, of out; pound of saturated steam, and the density or weight of one 
cubic foot in pounds. 

Table II differs from Table I in that it is arranged to give, the properties 
of saturated steam for each pound of pressure. 

Table HI gives the properties of saturated steam in French uuits; and 
Tables IV to XI give the proiierties of cdlu'r saturated vapors in the sarni, 



Table I. 


SATURATED STEAM. 


KNOLIHri UNITS. 




1 •*-* 


.S-, 

1 

1 ci cd 

> a 

r 

' cj , 

1 

0 ^ 

1 , . 0 

0 Ph 
^ a 

2 ^ 


w 

w 

r 

p 




107(1.8 1018.7 

1075.0 1017.0 

1074.0 1017.1 


28.12 1100.2 1072.1 1014.0 58.1 


0.0002952.. 32 

0.000;}0()7j2j5 33 
0.0003187. 00 34 

0.0003300' 7 ; 35 

0.0003430]^^ 36 

0.0003508,.,. 37 
0.0003704}' , 38 

0. 0003845]^ i 39 

O.OOOflOOO^j.^^ 40 

0.0004141,-^ 41 
0.0004200};; 42 

0. 0004450} JlJ} 43 

0.0004021, 44 

0.0004702 i'. 45 
0.0004008 [j'J 46 

0.0005140, Qw 47 
0.0005.‘!3(; 48 

0.0005530^};} 49 

0.000573120(5 50 

0. 00050, 37„ IQ 51 

0.00001507 };; 52 

0.000030022(5 53 

O.OOOOnOOoQj 54 
0.0()008207' f, 55 
0,0007000243 56 

0.0007317„m 57 
0.000757 InoQ 58 
0.00078342TO 59 

0.0008104230 60 
































109 

i.‘23or.; 

110 

1.2003., 

111 

1.3035., 

112 

i.oiio:; 

113 

i.3so7;| 

114 

1.4207, 



:i 0-1 1.7 
1114.0 1041.0 


IIM-.O lOllU.O 



iiin.rj 1037.5 


1110.7 1004.7 
1117.0 1004.0 
1117.0 1000.0 

1117.0 1002.0 
1117.0 1001.0 
111S.2 1001.2 


1115.5 1020.7 

1110.2 1020.1 

1110.5 102S.4- 


s « . P . 

O ^ 0# f_T U 



02.1 0.1004 

02.2 0.1 0S2 
02.0 0,1400 

02.4 0,1417 

02.5 0.1405 
02.0 0.1452 


OlO.Ucj 
007. oj 
"0«-«82 

200 . 0 ..,, 
2S2.7ii! 
275. 04i 


200,0.-„ 

250.0'2 

200 . 0 ., 

‘•>00 5*^-^ 

227 0 

"'-‘••-‘(30 

221.0,,^ 

215.5'.’'^ 

200.0;. i 


0.000100, 

0.000254; 

o.ooo;’.47; 

0.000441, 

0 . 00050 . 7 ; 

0 . 000000 ' 

0. 000738 J 

0.000842, 

0.000048 

0.004057j 
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S2!i..*) 

! “ 

1 1 I..I 

.S'l.O 

O,.700,7 

lliOl.-l 

S20..'I 

7 1 (.2 

.S.‘i. 1 

0..7000 

1 ’.Jill.. 7 

.'^20. 1 

711.0 

1 

ii..7im;! 

llilll.O 

.S2S. .s 

7l::.7 

S...I 

(i,.7ir,N 

l;.'0i.7 

.S2S..7 

7 i::. 1 

N.'i. 1 

it..70".;' 

i2(M.s 

.S'j.s..'! 

7i;:.2 

1 

(i,.7(1m: 

liiOl.i) 

.S2S.0 

712.0 

N't. 1 

It. .7! lot! 


.S27,7 

712.0 

1 

ii,.7iUt.7 

1:jo.\1 

.S27..7 

7 12. 1 

.N’t. 1 

ii..70!i0 

lilO.'i.li 

S27.2 

7 12. 1 

s:,, i 

ii.,7Vii-l 

l’Jo.7.:i 

.S20.0 

711.7 

■'^.7,2 

o,.77n7 

120.7.4 

.S20.7 

711,5 

sri,2 

o..77i 1 

I20.7.ri 

.S2li.4 

711.2 

.St, 2 

o.. 77 1.7 

120.*,(! 

.N2(5.2 

7II.0 

.s.*i.2 

o.:i7lo 

1205.7 

S2.7.0 

710.7 

s.'i,2 

0..772 1 

l20.”i.S 

S2.'.,0 

710.1 

s.'i.2 

It. .7728 

1205.0 

S2.7.4 

710.2 

.S.7, 2 


1200.0 

H2.”».2 

7(0.0 

.s.'i.2 

n..77;M 

120fi.l 

S21,0 

7:{o.7 

8.7.2 

l»,.77 111 

l2IMi.2 

821,7 

7.10,.'» 

8.7.2 

0...7 1 1 


.S2I.I 

7;;o.2 

8.7,2 

0..7718 


o.nooii.,, 

<).;■)( iS'j:; 


o.niL!;!.,, 

0 .. 71 .II .7 


i (i.jyj-it; 

i 

I ll.TilJOS, 

I u,.‘rjs(i' 










274 409.17, 


280 

411.12 

281 

282 

283 

411.44 

411.70 

412.08 

284 

285 

286 

412.40 

412.72 

410.04 

287 

410.00 

288 

289 

410.08 

414.00 

290 

414.02 


291 

292 

414,00, 

414.94; 

293 

415.2.7: 

294 

41.7,50. 

295 

296 

415.07: 
4 10, is; 

297 

298 

299 

410,49. 

410.80: 

4i7.ii: 

300 

417.42. 

301 

302 

303 

417.72. 
4 IH.02: 
41.S.O2: 

304 

305 

306 

418.02 

418.92' 

419.22’ 

307 

308 

309 

419.62 

419.82 

420.12 

310 

420.42 


> a “ S 
. ‘5 S . 

"pqg 

c2*^ ^ ce *♦-< 
o Or' (£; OH* 



CD 


a 

in’® 

3 

f’i- 

> 

£3 

E a 

■ 

0 

«c; 

'y 

Cj 

w"* 

Cl^ 

CTj 

rcdi 


Vf 



r.s:i..7 1200.7 S2:i.4 

:!s:!.(i 120().S 820.2 

084.0 120(i.9 822.'.) 


084.0 1207.0 

084.0 J 207.1 

0 . 8 r ).0 1207.2 

08.7.0 1207.0 



8.7.0 0.5704 1.097 

8.7.0 0.,7708 1.091 

85.0 0.5772 1.085 


822.7 707.4 85. 


0.5779 

1.670^ 

0.5780 

1 l.G08’> 

0.5787 

1.002,, 


821.8 7.00.5 85.0 
821.5 700.2 .85.0 

821.0 700.0 85.0 0.5799 

821.1 705.8 8.7.0 0..7800 

820.8 705.5 85.0 0.5800 
H20.0 70,7.0 .85,0 0.5810 

820.0 705.0 85.0 0.5814 

820.1 704.7 85.4 0.5S18 

819.9 704.5 85.4 0.5822 

819.7 704.0 85.4 0.5820 

819.4 704.0 85,4 0.5829 

819.2 700.8 85.4 0.5.800 

819.0 700.0 85.4 ()..7S07 

81.8.7 700.0 .85.4 0.5.840 

818.5 700.1 8.7.4 0. .7,844 

818.0 702.9 85.4 0.5848 

818.1 702.7 85,4 0.5851 

817.8 702.4 
817.0 702.2 


817.1 701.7 8,7.4 0.5800 

810.9 701.5 85.4 0.5870 

810.7 701.0 85.4 0.5870 

810.4 701.0 85.4 0.5877 

810.2 700.8 8,7.4 0.5880 
810.0 700.0 85 




0.5892.,, 

0.59l0r.[ 

0..7934^J 

0.5955.,, 
0. 5970^1 




















4:i5.})()::] 

4ii(l.li4,, 

420 . 51 '.,. 

42(5.S():;” 

427.08;;|! 

427.80., R 


P 41 . 3 S . 

. »-< o Wo 


72S.7 85.5 
85.5 
85.5 




<V 

3 

a 

‘3 

s 

°a 

0>£] 

C3 

tq 

g 

a 

W 

Cl4 

OJ 

r tv//* 

_ j-V' 














Table hi. 


SATURATED STEAM. 


FHKNCn trNITH. 


oM 

U, -oj 

B 

2 i! • 

la W) 

H 

i 

2 

B g 
s a s 
gs?=^ 

o 

Ph 

/ 

1 Heat of the 

1 Liquid. 

i 

> Total Heat. 

□ 

cd 

•S 

H 

r 

Heat equivalent 
-0 of Internal 
5Vork. 

C 

4f 

S*S>^ 

tq 

^jiu 

*3 

•w cr« 

0^ 

•*-* 

n 

H 

If 

Specific Volume. 

Dbnbitt. 

Temperature, 
Degrees Centi- 
grade. 

Weight, in 
Kilos, of 
one Cubic 
Meter. 

0 

4.002,,, 

0.000 

000. n 

000.6 

575.6 

31.0 

0.00000 

211.6j.^g 

0.0047,30.^ 

0 

1 

‘i‘^Hl:'>02 

1.007 

000.8 

00.5.8 

574.7 

31.1 

0.00307 

107.7.01 

0.n()50.57.„,. 

1 

2 

;!S(} 

2.014 

007.1 

00.5.1 

.57:1.0 

31.2 

o.O()7;5:l 

184.0}^J 

0.()(),5417:!Sf 

2 

3 


:i.022 

007.4 

(104.4 

573.2 

31.2 

O.OIOOS 

170 4 122 

().()o.58oo;[j:j 

3 

4 


4,020 

007. 7 

003.7 

572.4 

31.3 

0.01401 

101. 2.., , 

0.006203 

4 

5 


0.0:10 

008.0 

00,1.0 

,571.0 

31.4 

O.OI.S23 


o.iiooooofr/, 

5 

6 

7.001J;;:; 

0.040 

008.:! 

002.3 

570.8 

31.5 

0.02183 


0.0070S()Jgy 

6 

7 


7.040 

008,0 

001.0 

,570.0 

.11.0 

0.02542 

3,32.2c,.j 

o.oo7r)0i-nQ 

7 

8 


8,040 

00.8.0 

OOO.i) 

500.3 

.11.0 

0.028!)!) 

123.!)^;; 

O.OOROOO’iljl^ 

8 

9 

^•■’‘41!) 1 

0.0,54 

000.2 

000.1 

508.4 

31.7 

0.03255 

110.2^ 

o.oosoo8jJ^;J 

9 

10 

iU07,,, 

10.0.58 

000.0 

.500.5 

507.7 

31.8 

0.03001) 

100. O^Y 

0.000177(502 

10 

11 

D.Yilo,,. 

11.000 

000.0 

.508.8 

(500.0 

31.0 

0.03002 

302.3 

0.000770.,,, 

11 

12 

l0.4(i(C? 

12.001 

010.2 

.508.1 

500. 1 

.12.0 

0.04313 

00.01)1'-^ 

0.01041,, 2"'^ 

12 

13 


1:1.00:1 

010. ,5 

507.4 

.505.3 

.32.1 

0.04003 


o.oiios!^! 

13 

14 


14,001 

010.8 

500.7 

604.5 

32.2 

0.0,5012 

84.70..., 

0.01179,,. 

14 

15 

!2.7l)2';i 

10.000 

on. I 

500,0 

503.8 

32 2 

0.0,5350 

70. 00^2 J 

().()12.55i 

15 

16 


10.000 

011.4 

505.3 

503.0 

32.3 

0.0570,5 


0.01334^' 

16 

17 

14.42:1,.,. 

17.00(1 

011.7 

504.0 

.502.2 

32.4 

0.00060 

70.50,.,,, 

0.01417fiQ 

17 

18 


18.000 

012.0 

503.0 

501.4 

32.5 

o.{)o;!;i() 

00.44 

0. 01, 50.5,,^ 

18 

19 


10.000 

012..1 

503.2 

600.0 

:i 2 .o 

0.007,15 

.100 

0.01508:2 

!)( 

19 

20 

I7.:i{)5ij,„ 

20.000 

012.0 

502.5 

550.8 

.32.7 

0.07070 

58.08,,^ 

0.01C05jo3 

20 

21 

1K,41)S| iQK 

21,004 

012.0 

501,8 

5,50.0 

32.8 

0.07415 

5,5.01.,,- 

0. 01798,. 0 

21 

22 

ISMKI;! “f. 

22.00,1 

01,1.2 

(501.1 

.5.58.2 

32.1) 

0.07754 

52.40:,Vr 

0.0190(1 

22 

23 


2,1.001, 

013.6 

500.4 

557.5 

32.0 

0.08001 


().()2()20JJ,‘J 

23 

24 


24,0.50 

013.8 

680.7 

5,50.7 

33.0 

0.08427 

40.74.-,, 

0.021,19,.. 

24 

25 

2:1,054 : 

2r),0;58 

014,1 

580.0 

55.5,0 

33,1 

0.08702 

44.15.^51’ 

0. 022(1,5 

25 

26 

24.l)l)4{^;;| 

20.0,5;! 

014.4 

688.3 

555.1 

33,2 

0.0001)4 


0.02397{;;^ 

26 

27 

20.010,^ . 

27.048 

014.7 

687.7 

6.54.4 

.33.3 

0.00420 

80.45o.,4 

0.02.5:15,,- 

27 

28 

2S.1()7 ; % 

28.042 

015.0 

587.0 

.5.53.0 

33.4 

0.00750 

37.31^/,f 

0.()26S()|3" 

28 

29 

2!).78(Sj!|/,!j 

20,037 

01,5,3 

580.3 

6,52.8 

.33.5 

0.10086 

86.30^^ 

0.02833}'^^ 

29 

30 

.'U.OOllj^jj^ 

30.032 

0.15.7 

585.7 

652.1 

33.6 

0.10413 

33.42^.^.^ 

0.029fl2jog 

30 








Temperature, 
Ueurees Centi 






















Temperature, 



















122-7.7,^0 

12(1S.7 

i;}U). 7 ;|r 5 ;j 

14 - 1 ;!. 8 „j 7 


insKUr,.,., 

l74:{.:!:;o 

I7in.s;;,|;; 


2001. ri„.. 



■1S7.S 41.1 ! i>.:M2() 1.1(12 

lS7.il -11.2 li.Ol'Ilt 1.1 2(i: 

tS(I..’l -11.2 (l.oai l.tiiu 


II.;: ii.;iiiis i.i),')7 

11. -I (i.::.">2i 1.(12') 

ll.f) (i.:;.'i.')i) (t.iiii-i2 

II. .7 (i.;Mi7(i (i.nci:; 

11.(1 1 (i.;:(!(i| (i.'j;:.') I 

11.7 I (i.:;f’>27 I ( 1 . 11117(1 


|s(i.7 I l.H ' (i.;:ii.''i;! ' (i.ssds 

I i 

Isii.o 1 1..S j (i.ildVs 

1711.2 i -f l.u ll..■:7ll 1 (i..^::(Ki 

17s. I j 12.(1 1 II :;72ii j (i.sii.V.i 

I77.(! ! 12.1 ! ii.::77'< | ii.7s2i5 
I7i'.s : 12.2 , (i..'lVsii ; (i.Tiin;.: 

170.1 ■ 12.2 ; ti.;:'’ii7 : ii.7:;>i' 

I ! i 

17.7.2 12.;: ii,::!--;:ii ^ (i.7l77 

171. t : 12. 1 11,::“ .'.r. 

i7;:.ti I 12..'* . ii.::^'! ' n.irr/N 

I i I 

(7;:.ii ; r.-.f, (i,:;;)(k 5 - (i,f!r,i»i 

172.2 ! 12.(1 ■ j ii.ciir- 

171. 1 - 12.7 fi..':;'77 ' (i.t;2.;i 

17(1.''* 12.'.' ii.;;'.iM) ; ii.ciH'ii 


i:M.7 

(117.1 i 

.712.7 

: loi'.s 

12.1' 

0 . 41 H 1.7 ! 

ii..7si<t; 

i:l.7.7 

(117.7 i 

512.0 

lOf. 1 

I'.’.i 

II. Ill :m , 

0,. 77 2,0 

i:!().7 

(11S,I) i 

1 

f)ll,:i 

; |os,;: 

1 ; 

1 ::." 

lo.i 1 ; 

o,,7.i''.; 

1:17.7 

(Ms.;; j 

.710.0 

HIT. .7 

1.;. 1 

0. 1070 

(»..7i ;i 

i:iH.7 

(MH.d i 

flll'.l.'.t 

400.7 

I •,.2 

0 , 11 ) 12 , 

0,.72'-<‘.i 

l.'lll.S 

(HS.u ; 

j 

.7011.1 

4 I 1 . 7.0 

14.2 

0 . 1 I 2 ‘. 

H..71 ill 

Mii.s 

1 

(1111.2 1 

fiOS. 1 

ior..i 

12..:: 

0 . U-72 

I1..701.; 

Ml.s ■ 

(!l'.'.7 1 

1 Ft 1*^ ^ 
.*0(.( 

401.;: 

1 .;. i 

1 17 1 , 

(». ■{"•'-.4 

M2.S : 

(M.i.s ! 

: r» 07 .(l 

10 . 1 .7 

4 : .7 

0 , j'.'iil ■’ 

(1, r.f.o 

M::.s ; 

(1711,1 j 

.7(Hi,;i 

102 . > 

l::... 

1*. 12,7. ; 

u -iri,;.; 

M l.H ■ 

(!.')( 1.4 1 

: .70.7.0 

402.0 


M, ll'lll . 

(». 1.71! 

145.8 

(!.7(i,7 

.701.51 

401.2 

1 ’..7 

M l/i . 

i>. 1- 2«*i; 


11.71.0 s 

' .7(M.2 

! 

100. 1 

14 >. 

». ll'tu' 

r.>V 

I47.K i 

(171. :l ! 


47H.O 

1:22 

0 . { 2 .'.-l 

o.ir?.'. 

MH.H 

0.7 1.(1 ' 

.702. s 


1.4.51 

0, 142.7 

*<. 1071! 






0 

a 

Density. 

-.a 

,2 



!> 

0 0 ‘S 

ca « . 

0 

s 

’0 

0 

Pa 

U 2 

Weight, 
Kilos, 
one C 
Meter. 

Temper 

Degre 

grade 

S 

7 1 

t 


2.64G.. 

2.713^A 


2.850„. 

2.920'^ 


3.620„, 

3.705°;i 

3.702°' 


6. 640.J oA 

6.700}^^ 

5 . 882}^2 


6.134}^^ 






















*2 r . a . 


DKNHVI’V 


1.91 \ 

ill i» 4 S 

m iosw-222 “,!|;i SI 

ill 

197 ii)»M-29!i ;}51!:3 Sill 1 

ill iiS|g • 

200 11WH.2.B 21*1.1' ‘ 

2S iSS®**" aal 1 

III mu;!! 

204 t|m. 2()3 |S;i 'SJ, 
III *2 <«'.» 

207 1|1«B..274 IK;;! StI 

III SS 212..t tno.2 

210 M«M .287 2 ltl..l 0 - 11.11 

211 i« 88 .j ,2 2 w.» 

?il i'm*’ i' 0 «!■'' 

213 loni.gQ]^ 

215 15786.; n ^ 8.0 OTi. i 

216 16OO0.;|1J 

217 16411.321 frd 

218 10782.;^Srt ^21.8 <6.1 

219 l'7068.'|fi ^42.8 67.1,4 


i‘M(\ 4($.7 6. 16:12., I 

424:7 4ltHji..6:i77 lU60i;;i 

42 ;i.U 40.8 6 .ri 4 UU U. Mil . 50 


i.i.i .> ; ,1(5.8 1 0.6422 0. 144 Uii, 
:i2r.4 40.0 1 l’*6444 0. 141“2H 

42O.0 1 40.0 I 0.6407 O.l-.M.j"' 

11(1 s ^ 47.0 0.6480 0, US.H.,.- 

"-ISSi 

41H.2 I 47.1 I 0..i.i.i.» O.l..O.>o0 

417.4 1 47.1 I O.. 66.16 I 0.127723 

4107 147.1 10.6.777 0, 12.62., ,j 

117 0 ! 47.2 0.6600 0.1228.,.j 

i:l!':i .l7:2 0.14121 0.12042;! 


. 17.2 1 0 . 6041 ! 
. 17,11 I 0 . 600.6 

47.4 j O. 60 S 7 

47.4 I 0.6700 

47.4 ; 0 ,. 674 l 

; . 17,4 1 0,6762 


0 . 1168 :;: 
0. 1 l” 6 n .2 

0 . 11 I 4 .H 

u. 1002 . 7 , 
o.ionn 


220 I 17880. 


i 224.0 671 


467.2 4 mi.H I 47.4 j 0.6774 j tJ. IO 6 U 20 

466.4 400.0 17.4 |O .6106 I O.lt«l‘H 0 
]S :7 408,4 47.4 i 0.6817 j ■ lO 

465.0 407.6 47.4 I 0 . 6 H.i 0 j O.OOtUjy 

46 * 1.2 406.7 1 - 17.6 ! 0 . 6 ^ 6 '* ' r;!!:?;!!' 

iR't 6 4 <H 1,0 1 47.6 ' O.tHial 

462.7 10 . 6.2 I 47.6 I o. 6 '.«>.» o,iH<.,i,^^ 

n 4114 6 I 47 . 6 ' 0,.6024 li.sH ‘18 

«i;!l Si .Si.r. 

4 m).r» 406 . 0 1 47.6 ti...oo, . . -‘i^n 

*? 4m.2 : 47.6 0..60H.H ■ (U^NlH 




Table iv, 

SATURATED VAPOR OP ETHER. 

EIIEKCII UNITS. 


1 

Pressure, 
Millimeters 
of Mercury. 

Heat of the 

liquid. 

— 

i 

w 

a 

o 

£H 

A. 

Heat of 

^ Vaporization. 

Heat equivalent 

T, of Internal 
Work. 

Heat equivalent 

Ni. of External 
^ Work. 

3 

3 

pxi 

a 

W 

J T 

Specific Volume. 

Density. 

Temperature, 

«• Degrees Centi- 
grade. 

*4-1 0 

•S °'a 

IfJ 

V 

0 


0.00 

04.00 

04.00 

80,45 

7.55 


1.278 

0.782 

0 

10 

2.S(!.S:5 

.0.02 

08.44 

Oil. 12 

85.;57 

7.75 

0.01000 



10 

20 

4:!-2.7H 

10.70 

102.7.S 

02.08 

84. HI 

7.05 

0 . 0:5772 



20 

30 

():)4.H() 

1().J4 

107.00 

00.8(5 

82.72 

8.14 

().0.550;j 



30 

40 

1107.04 

21.0:5 

HI. 11 

.S0.4S 

81.1.5 

8.:5:5 

0 . 07:574 

0.2877 

3.746 

40 

50 

luil.l.s 

27.1!) 

iin.ii 

87.02 

70.41 

<8.51 

0.00117 

0.2108 

4.744 

50 

60 

niirj.o 

:12..S0 

110.00 

80.20 

77 . 5:5 

8.1)7 

0.108:5 

0.1580 

6.329 

60 

70 


.•iS.4.S 

I22.7.H 

S4.:io 

75.40 

.8.81 

0.1250 

0.1203 

8.313 

70 

80 

:io:i‘j.s 

44.21 

120.44 

82.2:5 

7:5.:52 

8.01 

0.1415 

0.00:52 

10.73 

80 

90 

;)vsuy,:i 

no. 00 

1:10.00 

80.00 

71 . 0:5 

8.!)7 

0.1570 

0.07:51 

13.68 

90 

100 

•liin;i,;i 

.7.7..SO 

i:!:1.44 

77.. W 

(58.02 

8.00 

0 . 17:55 

0.0577 

17.3:5 

100 

110 

(1214,0 

01.77 

i:!0.7.S 

70.01 

00 . 1:5 

8.88 

0.1801 

0.045!) 

21.7!) 

110 

120 

7710.2 

07.74 

140.00 

72.20 

():J.57 

8.0!) 

0.2045 

0.0:564 

27.47 

120 


27 















Table y . 

SATURATED VAPOR OP ALCOHOL. 

FIIENCU UNITE. 


Temperature, 

«. DeEfrees Centi- 
grade. 

Pressure, 

"'i- Millimeters 
of Mercury. 

. Heat of the 

Liquid. 

i 

w 

3 

o 

Eh 

Heat of 

Vaporization. 

Heat equivalent 
of Internal 
Work. 

^ Heat equivalent 

V of External 
Work. 

■c 

P ’4*^ 

w 

'{cdi 

J T 

Specific Volume. 

_ 

Density. 

Temperature, 

»<- Degrees Centi- 
grade. 

Weight, ID 
Kilos, of 
one Cubic 
Meter. 

0 





223.38 

13.12 


32.21 

0.03105 

0 


24.23 

5.59 

244.4 

238.81 

225.29 

13.52 


17.39 

0.05750 

10 

Wil 


11.42 

252.0 

240.58 

226.50 

14.02 



0.1016 

20 

BcTil 

78.52 

17.49 

258.0 

240.51 

220.03 

14.48 


5.753 

0.1738 

30 



23.71 

262.0 

238.20 

22,3.44 

14.85 


3.465 

0.2886 

40 


21!). 90 

30.21 

MtgWll 

233.79 

218.59 

15.10 

■iWniEii 

2.143 

0.4666 

50 


850.21 

37.37 

205.0 

227.63 

212.38 

15.25 

0.1223 


0.7358 

60 


641.15 

44.58 

2m.2 

220.62 

205.28 

3. 5., 34 

0.1435 

0.8855 

1.129 

70 


812.91 

62.11 

205.2 

213.09 

197,69 

15.40 

0.16,50 

0.5921 

1.689 

80 


1189.3 

50.07 

260.0 

200.03 

190,54 

15.49 


0.4073 

2.455 

90 

RTSiil 

1607.6 

08.18 

267.8 

100.12 

183.,54 

15.58 


0.2874 

3.479 

100 

liM 

2367.6 

76.74 

269.0 

192,86 

177.15 

16.71 

0.2315 

0.2083 

4.801 

110 


8281.7 

85.67 

272.5 

186.83 

170.97 


0.2544 

0.1544 

6.477 

120 


4828.0 

04.08 

270.0 

181.02 

104.99 


0.2776 


8.547 

130 


6674.0 

104.70 

280.6 

176.80 

169.55 

10.26 

0.3013 


11.06 

140 



114.82 

285.8 

170.48 



0.3254 

mn 

14.01 

150 






















Table vi. 

SATUHATED VAPOR OP CHLOROFORM. 

TKENCU UNITS, 


; Temperature, 

; Degrees Centi- 

! grside. 

Pressure, 
Hillimeters 
of Mercury. 

Heat of the 

Liquid. 

>- Total Heat. 

a 

.2 

"cS 

N 

V- 

•M Cfl 

St* 

w 

r 

Heat equivalent 
■o of Internal 
"Wort. 

c 

S-a 

5E 

3 .2 . 

CM M 

a,H| 

g’S^ 

w 

Ajiu 

"2 

'5 

Ok3 

l>sa> 

o ■*-» 
u 

s 

W 

rcdt 

J T 

Specific Volume. 

Density, 

a 

20 

5 CO 
£ 0) 01 

Si 

Es 

t 

"Weight, in 
.e Kilos, of 
one Cubic 
Meter. 

0 

50.72 

0.00 

07.00 


62.45 

4.66 


2.377 

0,4207 

0 

10 

100.47 

2.Ji:i 

08.88 


01.29 

4.75 


1.475 

0,6780 

19 

20 

1(10.47 

4.07 

60.75 

(15.08 

00.14 

4.04 


0.0001 

i.042 


30 

247.51 

7.02 

71.12 

04.10 


5.10 

0. 02402 

0.0437 

1.564 

m 

40 

.‘100.2(5 

0.,‘17 

72.50 

o;].!:} 

57.87 

6.26 


0.44^19 

2.248 

40 

50 

5:15.05 

11.74 

7:1.87 

(I2.i;i 

.50.7:1 

5.40 

0.0:i040 

0.3155 

3.170 

50 

60 

755.44 

14.12 

75.25 

Oi.i;l 

56.00 

5.,5:l 

0.04004 

0.2201 

4.356 

60 

70 

1042.1 

10.51 

70.02 

00.11 

54.45 



o.mo 

6.88 

70 

80 

1407.(1 

18.01 

78.00 

50.00 

5:i.;ii 

5,78 



7.78 

80 

90 

1805.2 

2l.;l2 

70.87 

.58.05 

52.10 

6.80 


0.0091 

10.09 

90 

100 

2428.6 

2.'}. 74 

80.75 

.57.01 

51.01 




12.87 

100 

110 

.‘illl.O 

20.17 

82.12 

55.05 

49.84 

0.11 

0.08027 

0.0018 

16,18 

110 

120 

.'1025.7 

28.01 

8:1.50 

54.80 

48.07 

0.22 



20.00 

120 

130 

4885.1 

81.00 

84.87 

5.3.81 

47.48 




24.39 

130 

140 

(1( )()(). 2 

il;l.52 

80.26 

52.7:1 

40. ao 




29.4 

140 

150 

7280.0 

05.00 

87.02 

51.00 

45,10 



0,0286 

36.0 

150 

160 

87114.2 

.88.47 

80.00 






41.2 

160 


29 


















Table 'VTL 


SATURATED VAPOR OF CARBON BISULPHIDE. 

EttKS< ll (t.S’tr.H. 


r7“ 


2 


§ 

w 




1 O'SMITV. 

-i 

Temppratnre, 
Degrees Cenl 
grade- 

Pressure, 
Millimeters 
of Mercury. 

Heat of the 

Liqu 

1 

w 

2 
o 

1 

•n 

0 rt 

f" 

Vi 

*;5 i» 

*’* 

i 

7, 

* 

XI t *’ 

ri. : •. 

•J. W S 

fl ■ 

w 

h 


P 

Q 


r 

)» 


r, 


y 

t 

0 

127.01 

0.00 

00.00 

00.00 

S2.7H 

7.21 

O.IUKHItl 

1.700 

O..5002 

0 

IS 

108, ‘10 

2.30 

01.42 

.80,00 

SI.. 58 

7. is 

iMm*^I7 

1.177 

0 ..sli)l} 

10 


208.0;} 

4,74 

02.70 

8.S.02 

.80.31 

7.71 

0.01070 

0.S071 

1.23.0 

20 

m 

‘134.02 

7.1:5 

01.01 

.80.88 

7S.W7 

7.01 

’•.02172 

0..50SI 

1.7.50 

30 

40 

on.n:} 

0.54 

05.18 

85.01 

77. Ti 1 

8. HI 


0. (00.8 

2. 110 

40 

50 

857.07 

11.0(1 

i/(l.27 

8i.;:i 

70.01 

8.27 

0.o|nl3 

0.3017 

.•1.315 

50 

60 

1104.5 

14.4 1 

07.2.S 

82.87 

7 1. 15 

.8, 12 

0,0 1750 

O.2201 

4.117 

60 

70 

1552.1 

10.80 

08,20 

81.:m 

7:^7^< 

s,.50 

0.05 isvi 

O,17'20 

5.701 

70 

80 

2032.5 

10.34 

00,04 

70.70 

71.03 

8,07 

O.O0102 

0. 13.18 

V. 173 

00 

90 

2010.1 

21.R'} 

00.80 

77.07 

00.20 

8.77 

{l.tHlNSri 


0.51 

90 

100 

3:}25.2 

24.34 

100.48 

70.1 1 

07.20 

.8..sr, 

0,0750*1 

O.OS37 

11.05 

100 

110 

4104.1 

20.80 

101.07 

74.21 

0.5.31 

8.00 

o.iis-,;.!;'. 

0.0117 1 

14.H-I 

110 

120 

51‘18.8 

20.40 

101.58 

72. 18 

03.21 

8.01 

0,il.8.SHi; 

ti.0510 

1.8.21 

120 

130 

0201.0 

31.00 

102.01 

70.05 

Ol.iKJ 

8.00 

0.00.527 

0.04.52 

22,12 

130 

140 

700‘l-.() 

34.5:5 

102,30 

07.83 

58.88 

8.0.5 

0.101.57 

0.037.5 

20.7 

140 

150 

0006.0 

37.12 

102.(12 

05.50 

.50,5.8 1 8.02 

0 . 10775 

0,0314 

31.8 

150 


30 











Table vili. 

SATUHATED VAPOR OP CARBON TETRACHLORIDE. 

FHKNOn TIKITS. 


a 

S T 
r- ? . 

l ?1 

Sh-i bn 

i 

1 Fressnre, 

S. Millimeters 
of Mercuiy. 

Heat of the 

Liquid. 

>- Total Heat. 

Heat of 

^ Vaporization. 

Heat equivalent 

T, of Internal 
TVork. 

Heat equivalent 

Nj. of External 
^ Work. 

•p 

’3 

P'S 

"S 

W 

^cdt 

J T 

Specific Volume. 

Dexsitt. 

Temperature, 
Degrees Centi- 
grade. 

.S°2 

« 3 

S to ^ [j 

V 

0 

: i 2. iir ) 

0.00 

62.00 


48.54 

3.4 G 


3.272 

0.3056 

Ct 

10 

55.07 

1.00 

52.44 

51.45 

47,85 

ilRI 


2,005 

0.4987 

10 

20 

00. ill ) 

.2.00 

54.80 

60.87 

47.12 

2.74 


1.283 

0.7794 

20 

30 

342.27 

(1.02 

50.22 

50.21 

40.22 

2.88 

0.02087 

0.8510 

1.175 

30 

40 

2 l 4 .m 

8,00 

57,68 

40.52 

45.51 

4.01 

0.02749 

0.5821 

3.715 

40 

50 

; n 4.; t 8 

10.12 

58.88 


44.02 

4.34 


0.4109 

2.434 

50 

60 

447.4 :i 

12.20 

60. 10 

47.00 

42.00 

4.25 

0.04028 

0.2900 

3.308 

60 

70 

021.15 

34.20 

01.40 

47.10 

42.75 

4.25 

0.04048 

0.2192 

4.502 

70 

80 

842.20 

10.42 

02.00 

40.18 

41.74 

4.44 

0.04255 

0.1650 

0.001 

80 

90 

1122.2 

18.55 

02.77 

45.22 

40.60 

4.72 

0.058-19 

0.1263 

7.92 

90 

100 

1407.1 

20.70 

04.00 

44,20 


4,58 


0.0980 

10.20 

100 

110 

1 H 87.4 

22.87 

00.01 

42.14 

38,.52 

4.62 


0.0770 

12.99 

110 

120 

2202.7 

25.00 

07.07 

42.01 

27.30 



0.0011 

10.87 

120 

130 

2006.0 

27.27 

08.10 

40.82 

30.18 

4.66 


0.0490 

20.41 

130 

140 

2700.0 

20.40 

00.10 

■HI 


4.03 


0.0395 

25.3 

140 

150 

4542.1 

21.72 

70.07 

28.24 

33.75 

4.51) 

0.09201 

0.0321 

31.2 

150 

160 

5612.1 

24,00 

71.00 

37,00 

32.47 

4.58 

0.09729 

0.0202 

88.2 

160 


81 





















Table ix. 


SATtTEATED VAPOR OP ACETON. 


PItKNCH irNlTH. 






TABLE X. 

SATURATED VAPOR OP AMMONIA. 

• ENGLISH DNITS. 


gT'i 

h ^ 

iaS 

H 

/ 

Pressure, 

Pounds per 
Square Inch. 

Heat of the 
^ Liquid. 

1 

Heat of 
Vaporization, 

Heat equivalent 
•D of Internal 

■NVork. 

a 

“ FI 

o 

S'S'S 

w 

A/u 

'TT? Entropy of the 
>..9 ^ Liquid. 

Specific Vol- 
ume. 

Density 

Temperature. 
Degrees Fah- 1 
renheit. j 

Weight, in 
pounds, of 
one Cubic 
Foot. 

~40 

9.1)3 


519 


549 



26.9 

0.0378 

-40 

~36 

11.53 

-74 

530 

694 

544 

60 


28.3 

0.0429 

— 36 

~30 

13.30 

-68 

532 


540 


-0.1482 

20.3 

0.0492 

-30 

™26 

15.40 

-63 

533 

686 

535 

51 


17.8 

0.05()3 

-25 

--20 

17.70 

-57 

535 

683 

531 

.‘il 

-0.1239 

15.6 

0.0040 

—20 

~15 

30.35 

-53 

536 

578 

52G 

.\3 

-0.1103 

13^7 

0.0726 

-16 

-10 

33.10 


528 

674 

522 

52 


12.2 

0,0821 

-10 

-6 

20.35 

_4,t 

539 

670 

517 

58 


10.8 

0.0935 

— 5 

0 

39.74 

-35 

531 

666 

613 

58 


9.63 

0.104 

0 

6 

33. 5H 

-30 

533 

663 

508 

63 


8.60 

0.116 

5 

10 

37. HO 

-34 

534 

558 

504 

64 

-0.0601 

7.71 

0.180 

10 

16 

43.43 

-19 

535 

554 

600 

54 



0.144 

16 

20 

47.49 

-13 

537 

550 

495 

55 


6.24 

0.160 

20 

26 

53 01 

—8 

538 

546 

491 

55 


6.64 

0.177 

26 

30 

59 01 

2 

540 

543 

480 

60 

-0.0044 

6.11 

0.190 

30 

36 

(15.53 

3 

541 

538 

482 

60 

0.0007 

4.64 

0.216 

35 

40 

72 59 

9 

543 

.534 

478 

66 

0.0177 

4.20 

0.237 

40 

46 

BO. 31 

14 

544 

030 

473 

57 

0.0287 

8.85 

0.260 

46 

60 

H8,44 

20 

540 

526 

409 

57 

0,0396 

8.62 

0.284 

60 

66 

97 30 

25 

547 

622 

404 

58 

0.0502 

8.22 

0.310 

66 

60 

106.83 

81 

649 

618 

460 

68 

0.0808 

2.90 

0.888 

60 

66 

117.04 

86 

550 

614 

456 

68 

0.0713 

2.72 

0.867 

66 

70 

137. 9H 

42 

653 

510 

451 

69 

0.0817 

2.61 

0,898 

70 

76 

139.67 

47 

663 

600 

447 

69 

0.0921 

2.32 

0.431 

76 

80 

152.15 

53 

656 

602 

442 

60 

0.1028 

2.14 

0.467 

80 

86 

165,47 

58 

666 

498 

488 

60 

0.1124 

1.99 

0.504 

85 

90 


64 

668 

494 

484 

60 

0.1224 

1.82 

0.648 

90 

96 


69 

669 

490 

428 

61 

0.1824 

1.71 

0.684 

96 

100 

210.70 

76 

661 

486 

425 

61 

0.1428 

1.69 

0.627 

100 


Sit 

















Table xi. 

SATURATED VAPOR OP SULPHUR DIOXIDE. 


ENGLISH UNITS, 


Ternperatuve, 
Degrees Fah- 
renheit. 

i§| 

gCLCC 

/ 

<D 

O s 

o* 

0)5 

K 

Total Heat. 

Heat of 

^ Vaporization. 

Heat equivalent 
t:- of Internal 

Woik. 

cd ^ 

5 

w 

A/iu 

0) 

"S 

(M 

o 

S.I 

•SJ 

w 

rcdt 

J ~T 

Specific Vol- 
ume. 

Density. 

-rd 

fe - Ji 
£q 5 

i 

Weight, in 
pounds, of 
one Cubic 
Foot.. 

—40 

3.14 

-29 

106 

195 

182 

13 

-0.0632 

23.0 

■ipi 

-40 

-35 

3.70 

-27 

lor 

194 

1^0 

14 

-0.0584 

19.7 


-35 

-30 

4.34 

-25 

108 

193 

179 

14 

-0.0539 

17.0 


-30 

-25 

5.07 

-23 

168 

191 

177 

14 

—0.0492 

14.7 


-26 

— 20 

5.90 

-21 

169 

190 

176 

14 

-0.0447 

12.7 


-20 

—15 

6.83 

-19 

170 

189 

175 

14 

-0.0401 

11.1 


-15 

— 10 

7.88 

-17 

170 

187 

173 

14 

-0.0357 

0.73 


-10 

-5 

9.05 

-15 

171 

180 

172 

14 

-0.0312 

8,56 

■nlflB 

— 6 

0 

10.35 

-13 

172 

185 

170 

15 

-0.0268 

7.54 


0 

5 

11.81 

-11 

172 

188 

108 

15 

-0.0225 

6.67 

0.150 

5 

10 

13.41 

-9 

173 

1S2 

107 

15 

-0.0182 

5.93 

0.169 


15 

15.19 

-7 

174 

181 

160 

15 

-0.0140 

5.29 

0.189 


20 

17.15 

-5 

174 

179 

104 

15 

-0.009S 

4 72 

0.212 

20 

26 

19.30 

-3 

175 

178 

163 

15 

-0.0057 

4.23 

0.236 

25 

30 

21.06 

-1 

176 

177 

102 

15 

-0.0016 

3.81 

0.263 

30 

36 

24.24 

1 

170 

175 

160 

15 

0.0024 

3.43 

0.291 

36 

40 

27.06 

3 

177 

174 

158 

16 

0.0064 

3.10 

0.322 

40 

45 

30.12 

5 

177 

172 

150 

16 

0.0104 

2. 81 

0.356 

46 

60 

33.45 

7 

178 

171 

155 

10 

0.0144 

2.58 

0.390 

60 

65 

87.07 

9 

179 

170 

154 

16 

0.0182 

2.32 

0.430 

66 

60 

40.98 

11 

179 

108 

152 

16 

0.0221 

2.11 

0.473 

60 

65 

45.20 

13 

180 

167 

151 

16 

0.0259 

1.94 

. 0.516 

65 

70 

49.75 

15 

181 

166 

150 

16 

0.0297 

1.78 

0.668 

HZil 

75 

54.64 

17 

181 

164 

148 

16 

0.0334 

1.63 

0.614 

76 

’ 80 

59.90 

19 

182 

163 

146 

17 

0.0372 

1.60 

0.668 

80 

85 

65.54 

21 

183 

162 

145 

17 

0.0409 

1.88 

0.725 

86 

90 

71.57 

23 

183 

160 

143 

17 

0.0445 

1.27 

0.780 

90 

' 96 

: 78.02 

25 

184 

159 

142 

17 

0.0482 

1.18 

0.849 

95 

100 

84.90 

27 

185 

168 

141 

17 

0.0518 

1.09 

0.917 



34 
















Table xil. 

SPECIFIC GRAVITY AND SPECIFIC VOLUME OF LIQUIDS. 


Nanio of Liquid. 

Specific Gravity, compared with "Water at 4° C. 

Bpecifle Voluraa. 
Cubic Metere 
per Kilo. 

Alcohol, CJTiiO 

Kthcr, (J,IIioO 

(hUorofonu 

(iai’bou bisulphide, CSa . . . 
Carbon totraohlorldo, CCI 4 . . 

Acc.ton, C:,ir,iO 

.Sulphur Dioxide SOg .... 
Ammonia ISflla 

0.80625 [Mendeleieff, 1869] .... 

0.736 ‘Kopp, 1860] 

1..527 ’Thorpe, 1880] 

1.2922 "Thorpe?, 1880] 

1.6320 Thorpe, 18801 

0.81 ‘5iander, 1882] 

1.4336 ‘Andreeff, 185!)] 

0.6364 ‘Aiulreetf, 1859] 

0.001240 

0.001358 

0.000655 

0.000774 

0.000613 

0.00123 

0.0006981 

0.001571 


TABLE XIII. 

VOLUME OP WATER. 

Vol. at 4° C=l. 

[Rossetti, 1871] and [Him, 1867.] 


Tempera. 

ture. 

Volume. 


Volume. 

Tempera- 

ture. 

Volume. 

Tempera- 

ture. 

Volume. 

■1 

1.000253 

60 

1.01091 


1.0512 

160 

■n 

WSm 

l.(M)t744 

70 

1.02256 


1.0599 

170 



1.00425 

80 

1.02887 


1.0694 

180 


40 

1.00770 

90 

1.08507 

140 

1.0795 

190 


Hi 

1.01106 

100 

1.04812 

150 

1.0908 

200 

1.1544 


86 
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10,0 














SHORT-TITLE CATALOGUE 

OP THE 

PUBLICATIONS 

OP 

JOHN WILEY & SONS, 

New York. 

London; CHAPMAN & HALL, Limited. 

ABRANGED UNDER SUBJECTS. 

Descriptive circulars sent on application. 

Books marked with an asterisk are sold at ■net prices only. 

All books are bound in cloth unless otherwise stated. 


AGRICULTURE. 

Cattle Feeding— DA riiY Pkacttce — Dirkases op Animals — 


Gardening, Eto. 

Arinsby’s Manual of Cattle Feediug 12ino, 75 

Downing’s Fruit and Fruit Trees 8vo, 6 00 

Grotenfelt’s The Principles of Modern Dairy Practioo. (Well.) 

13mo, 2 00 

Kemp’s Landscape Gardening 12mo, 2 60 

Loudon’s Gardening for Ladies. (Downing.) 12mo, 160 

Maynard’s Landscape Gardening 12mo, 1 60 

Steel’s Treatise on the Diseases of the Dog 8vo, 8 60 

“ Treatise on the Diseases of the Ox 8vo, 6 00 

Stockbridge’s Rocks and Soils 8vo, 2 60 

WoH’s Handbook for Farmers and Dairymen 13ino, 1 60 

ARCHITECTURE. 

Building — Carpentry— Stairs — V entilation— Law, Etc. 

Berg’s Buildings and Structures of American Railroads 4lo, 7 50 

Birkmire’s American Theatres — Planning and Construction. 8vo, 8 00 

" Architectural Irou and Steel 8vo, 8 60 

“ Compound Riveted Girders 8vo, 2 00 

Skeleton Construction, in Buildings 8vo, 8 00 


Birkmire’s Planning and Construction of High Office Buildings. 


8vo, $3 50 

Carpenter’s Heating and Yeutiiatiug of Buildings. 8vo, 3 00 

Freitag’s Arclxitectural Engineering 8vo, 2 50 

Gerhard’s Sanitary House Inspection 16mo, 1 00 

“ Theatre Fires and Panics 12ino, 1 50 

Hatfield’s American House Carpenter 8vo, 5 00 

Holly’s Carpenter and Joiner 18nio, 75 

Kidder’s Architect and Builder’s Pocket-book. . .16mo, morocco, 4 00 

jMcrrill’s Stones for Building and Decoratiou 8vo, 5 00 

Monckton’s Stair Building — Wood, Iron, and Stone 4to, 4 00 

Wait’s Engineering and Arcliitectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 


Worcester’s Small Hospitals — Establisliuieut and Maiutenauce, 
including Atkiuson’s Suggestions for Hospital Avchi- 


tccLuro .12uio, ■ 1 25 

World’s Columbian Exposition of 1893 Large 4to, 2 50 


ARMY, NAVY, Etc. 

Militaby ENaiNEKiiiNO — O rdnance — Law, Etc. 


Bourne’s Screw Propellers 4to, 5 00 

^Bruffi’s Ordnance and Gunnery 8vo, 6 00 

Chaso’.s Screw Propellers 8vo, 3 00 

Cooke’s Naval Ordnance 8vo, 12 50 

Cronkbile’s Gunnery for Non-com. Officers 32mo, morocco, 2 00 

* Davis’s Treatise on Military Law 8vo, 7 00 

Sheep, 7 50 

* “ Elements of Law 8vo, 2 50 

Do Brack’s Cavalry Outpost Duties. (Carr.) 32mo, morocco, 2 00 

Dietz’s Soldier’s First Aid 16mo, morocco, 1 25 


* Dredge’s Modern French Artillery Large 4to, half morocco, 15 00 

“ liocord of the Transportation Exhibits Building, 
World’s Columbian Exposition of 1893.. 4to, half morocco, 10 00 


Durand’s Resistance and Propulsion of Ships 8vo, 5 00 

Dyer’s Light Artillery 12mo, 3 00 

Hoffi's Naval Tactics 8vo, 1 50 

^lucralls’s Ballistic Tables 8vo, 1 50 



Mahan’s Permanent Fortifications. (Mercur.).8YO, half morocco. 

I;? 50 

Mercur’s Attack of Fortified Places 


2 00 

“ Elements of the Art of War 


4 00 

Metcalfe’s Ordnance and Gunnery 

. . . .12ino, with Allas, 

5 

00 

Murray’s A Manual for Courts-Martial . . . 


1 

50 

“ Infantry Drill Regulations adapted to the Springfield 



Rifle, Caliber .45 



10 

*^Phelps’s Practical Marine Surveying 


2 

50 

Powell’s Army Oflicer’s Examiner 


4 00 

Sharpe’s Subsisting Armies 


1 

50 

Very’s Navies of the World 

. . .8vo, half morocco, 

3 

50 

Wheeler’s Siege Operations 


2 

00 

Winthrop’s Abridgment of Military Law. 


2 

60 

Woodhull’s Notes on Military Hygiene. . . 


1 

50 

Young’s Simple Elements of Navigation. 


2 00 

a (t (1 (( (( 

first edition : 

1 

00 


ASSAYING. 

Smkltixg— Ore Dressing— Arloys, Etc. 

Fletcher’s Qiiaut. Assaying with the Blowpipe.. 16mo, morocco, 1 50 


Furman’s Practical Assaying 8vo, 3 00 

Kuuharclt’s Ore Dressing 8vo, 1 50 

O’Driscoll’s Treatment of Gold Ores ■ 8vo, 2 00 

Eiclceits and Miller’s Notes on Assaying 8vo, 8 00 

Thurston’s Alloys. Brasses, and Bronzes 8vo, 2 50 

Wilson’s Cyanide Processes 12rao, 1 50 

“ The Chlorination Process 12mo, 1 50 


ASTRONOMY. 

Practical, Theoretical, and Descriptive. 


Craig’s Azimuth. 4to, 8 50 

Doolittle’s Practical Astronomy 8vo, 4 00 

Gore’s Elements of Geodesy 8vo, 2 60 

Hayford’s Text-hook of Geodetic Astronomy 8vo. 3 00 

*Michie and Harlow’s Practical Astronomy 8vo, 3 00 

* Wliitr'Ici Ttifim-pt.ir'.nl iinrl Dnsfirillt.ivR Astvonomv 12mo. 2 00 


BOTANY. 

OAni)KNiN(} vf)ii TjAinKR, Etc. 


BiiUlwiii’s Orchiiia of Now England Small Bvo, $1 (50 

Loudon's Gnnloning for Lfulica. (Downing.) 153mo, 1 50 

Thouuds St,ru(!l,ural BoUuiy tOuio, 2 25 

■WoHlonnaior’H Gonuval Botany. (Schnoidor.) Bvo, 2 00 


BRIDGRS, ROOFS, Etc,, 
Gantiukvru — Duaw — limn WAY — StwriCNHioN. 
{Sec also EwirKiciciuNo, p. 7.) 


Boiler's Highway Bridge.s 



2 00 

" The Thames Hlver Bridge 


4to, paper, 

5 00 

Burr's Si n'Kse.s in Bridges.... ; 



a 50 

Crohore's M(a'liaiiles of tlm Girder 



5 00 

Dredge's 'rhames Bridges 

'I 

' parts, por 

1 25 

Du Buis ', s ,Sire.s.s(!S in Krannal Slruelun;s. 


, . . . . .Hnudl 4lo, 

10 00 

Foster's Wooden 'rrestle Bridges 


4lo, 

5 (10 

Greene's Arelies in 'Wood, etc, 




2 50 

" Bridge Trusses, 



2 50 

" lioof Trusses 



1 25 

Ilowti's Treali.se on .\ relies 

• • • • » 


4 00 

Johnson's Modern Framed Htruetunm.. 



10 00 

Mevrimun A Jaeohy's 'rext-hook of 

Hoofs 

and Bridges, 


Pari I., H tresses 



2 50 

Mcrrlinan & Jacoby’s Text-book of 

Roofs 

and Bridges. 


Part IL, Graphic Hialics 



2 50 

Morriinan & Juetdiy's Text-book of 

Roofs 

ami Bridges, 


Part III., Bridge Design......... 



2 50 

Morrlman & Jacoby's Te-xl-liook of 

Roofs 

tuul Bridges, 


Part IV., Conlinuous, Draw, (Cantilever, 

Kuspenslon, and 


Areluid Bridges 


Hvo, 

2 50 

* Morisou's Tlie Memphis Bridge 



. . ..Oblong 4lo, 

10 00 

Waddell's Iron Highway Bridges 


Hvti. 

4 00 

" De PontibuH (a Pocket-book 

for Bridge Engineers). 



lOmo, morocco. 

« (K) 

Wood’s Construction of Brldtrea and Roofs 


2 00 


CHEMISTRY. 

Qualitative— Quantitative— Organic — Inorganic, Etc. 

Adriauce’s Laboratory Calculations 12mo, $1 25 

Allen's Tables for Iron Analysis 8vo, 3 00 

Austen’s Notes for Chemical Students 12mo, 1 50 

Bolton’s Student’s Guide in Quantitative Analysis 8vo, 1 50 

Classen’s Analysis by Electrolysis. (Herrick and Boltwood.).8vo, 3 00 

Crafts’s Qualitative Analysis. (Schaeffer.) 12nio, 1 50 

Drechsel’s Chemical Beactions. (Merrill.) .12mo, 125 

Fresenius’s Quantitative Chemical Analysis. (Allen.) 8vo, 6 00 

“ Qualitative “ “ (Johnson.) 8vo, 3 00 

“ “ “ “ (Wells.) Trans. 

16th German Edition 8vo, 5 00 

Fuertes’s Water and Public Health 12mo, 1 60 

Gill’s Gas and Fuel Analysis 12mo, 1 25 

Hammarsten’s Physiological Chemistry. (Maudel.) 8vo, 4 00 

Helm’s Principles of Mathematical Chemistry. (Morgan). 12mo, 1 50 

Kolbe's Inorganic Chemistry 12mo, 1 50 

Ladd’s Quantitative Chemical Analj'sis l2mo, 1 00 

Lnndauer’s Spectrum Analysis. (Tingle.) 8vo, 3 00 

Lbb’s Electrolysis and Electrosyuthesis of Organic Compounds, 

(Lorenz.) 12mo, 1 00 

Maudcl’s Bio-chemical Laboratory 12mo, 1 60 

Mason’s Water-supply 8vo, 6 00 

“ Examination of Water 12mo, 125 

Meyer’s Organic Analysis. (Tingle.) {In the press.) 

Miller’s Chemical Physics 8vo, 2 00 

Mixter’s Elementary Text-book of Chemistry l2inio, 1 60 

Morgan’s The Theofy of Solutions and its Results 12mo, 1 00 

“ Elements of Physical Chemistry 12mo, 2 00 

Nicliols’s Water-supply (Chemical and Sanitary) 8vo, 2 60 

O’Brine’s Laboratory Guide to Chemical Analysis 8vo, 2 00 

Perkins’s Qualitative Analysis 12mo, 1 00 

Pinner’s Organic Chemistry. (Austen.) 12mo, 1 60 

Poole’s Calorific Power of Fuels 8vo, 8 00 

Ricketts and Russell’s Notes on Inorganic Chemistry (Non- 

metallic) i Oblong 8vo, morocco, 75 



Schimpf’s Volumetric Analysis l2nio, $2 50 

Spencer’s Sugar Manufacturer’s Handbook 16mo, morocco, 2 00 

“ Handbook for Chemists of Beet Sugar Houses. 

ICmo, morocco. 3 00 

Stockbridge’s Hocks and Soils 8vo, 2 50 


Tillman’s Descriptive General Chemistry. {In the press.) 

Van Deventer’s Physical Chemistry for Beginners. (Boltwood.) 


12mo, 1 50 

Wells’s Inorganic Qualitative Analysis 12mo, 1 50 

“ Laboratory Guide in Qualitative Chemical Analysis. 

8vo, 1 50 

Whipple’s Microscopy of Drinking-water 8vo, 3 50 

Wieehmauu’s Chemical Lecture Notes 12rao, 8 00 

“ Sugar Analysis Small 8vo, 2 50 

Walling’s Inorganic Phar. and Med. Chemistry 12mo, 2 00 


DRAWING. 

ELEMliNTARY— GROMETRICAI. — MECnANICAR — TOPOGBAPHICAL. 


Hill’s Shades and Shadows and Pers 2 >ective , 8vo, 2 00 

MacCord’s Descriptive Geometry 8vo, 3 00 

“ Kinematics 8vo, 5 00 

“ Mechanical Drawing 8vo, 4 00 

Mahan’s Industrial Drawing. (Thomjjson.l 2vols. ,8vo, 3 50 

Reed’s Topographical Drawing. (H. A.) 4to, 5 00 

Reid's A Course in Mechanical Drawing 8vo. 2 00 

“ Mechanical Drawing and Elementary Machine Design. 

8vo. {In ike press.) 

Smitli’s Topographical Drawing. (Mficmillau.) 8vo, 2 50 

Warren’s Descriptive Geometry 2 vols., 8vo, 3 50 

“ Drafting Iiislrumcnts 12mo, 1 25 

“ Free-hand Drawing 12ino, 100 

" Linear Perspective 12mo, 1 00 

" Machine Construction 3 vols., 8vo, 7 50 

“ Plane Problems 12mo, 1 25 

“ Primary Geometry 12mo, 75 


Warren’s Shades and Shadows 8vo, |3 00 

“ Stereotomy— Sloue-cultiug 8vo, 2 50 

Whelpley’s Letter Engraving 12mo, 2 00 

ELECTRICITY AND MAGNETISM. 

Illumination— BATTK iiTES — P hysics — Railways. 

Anthony and Brackett’s Text-hook of Physics. (jMagie.) Small 

8 VO, 3 00 

Anthony’s Theory of Electrical Measurements 12mo, 1 00 

Barker’s Deep-sea Soundings ' 8vo, 2 00 

Benjamin’s Voltaic Cell 8vo, 3 00 

“ History of Electricity 8vo, 3 00 

Classen’s Analysis by Electrolysis. ^Herrick and Boltwood.) 8vo, 3 00 

Cosmic Law of Thermal Repulsion 12mo, 75 

Crehoreaud Squier’s Experiments with a New Polarizing Photo- 

Chronograph 8vo, 3 00 

Dawson’s Electric Railwa3^s and Tramways. Small, 4to, half 

morocco, 12 50 

* Dredge’s Electric Illuminations. . . .2 vols. , 4to, half morocco, 25 00 

“ “ “ Vol. II 4to, 7 50 

Gilbert’s Dc maguele. (Mottelay.) 8vo, 2 50 

Holman’s Precision of Measurements 8vo, 2 00 

“ Telescopc-mirror-scale Method Large 8vo, 75 

Lob’s Electrolysis and Electrosynthesis of Organic Compounds. 

(Lorenz.) 12mo, 100 

*Michie’s Wave Motion Relating to Sound and Light, 8vo, 4 00 

Morgan’s The Theory of Solutions and its Results 12mo, 1 00 

Niaudet’s Electric Batteries. (Fishback.) 12mo, 2 50 

Pratt and Alden’s Street-railway Road-beds 8vo, 2 00 

Reagan’s Steam aud Electric Locomotives 12mo, 2 00 

Thurston’s Stationary Steam Engines for Electric Lighting Pur- 
poses 8vo, 2 50 

*Tillman’s Pleat 8vo, 1 50 
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EN(iINRKRIN(i. 
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{See also BiirDOES, p. 4; JIyduaumcs. p. i) : M ATKiuAt.H 
GINKIMUNO, p. 10; Afl-KMIANICS AND M ACItl N MUV, p. Il* ; 
Engines and IJoideuh, p, 14.) 


Baker’s Masonry Construf.tion Nvd. 

" Surveying rnHl,nimen(.s. ll’nut, 

Black’s U. S. Public Worlc.s Ohlinu'' -Itn, 

Brooks’s Slreeli-raihvny LonUinn.. .... Kitnn, luciriifcd, 

Butts’s Civil Eiigiiicor.s’ Field Book Blmo. rnoroce'ti, 

Byrne’s Highway Construction Hvn, 

“ Inspection of JilaloriiilH and M'orkinanship, ....,, lHint», 

Carpenter’s E.vperiinental Engineering Hvn, 

Church’s Mechanics of Engineering* Solids and I'diiith. .. .s(vti, 

“ Notes and Examples in Meelmnies Syo. 

Crandall’s Earthwork 'Tuldes Hvo, 

" The Transition Curve lOino, luoriieen. 

*Dredgc’s Penn. Kailroad Construelion, ele, Burge 4lt>. 

half iniirui'eii. 

* Drinker’s Tunnelling ..4to, Imlf nMitMcru, 

Eiasler’s Exploiiiivos—Nitroglyeerlne ami Dynainile Mvn. 

Folwell’s Sewerage hvo. 

Fowler’s Cofler-dam Process for Piers , .Hvu. 

Gerhard’s Sanitary House Inspection PJuui. 

Godwin’s Railroad Engineer’s Fielddnuik Uhno. luurueeu, 

Gore's Elements of Geodesy svd, 

Howard's Translllcm Curve Field-hook tflitm, uiouhmk. 

Howe’s Retaining Walla (Now Edition.). Rhun, 

Hudson’s Exottvatioii Tables. Vol. II Hvo. 

Hutton’s Mechanical Engineering of Power Phinm .mvm, 

Johnson's Materials of Construelion.. Hvu, 


Stadia Reduction Diugmm. .Hiieei, X i.’H| ineln-.. 


“ Theory and Practice of Hurve^ lug .Hnml! Hvo. 

Kent’s Mechanical Engincor’a Poekel-hmik lRnu», moriaTo, 

Kiorsted’s Sewage Dispostd, I'iuio. 

Mahan’s Civil Eugluecriug. (Wood.) .Kvo, 

Merriman and Brook’s Ilandhook for Hurveytus. . . nu»r.. 

Merriman’s Geodetic Surveying hvo.* 

“ Retaining Walla and Masonry Dunii. , , , Mv*», 


” Sanitary Engltuierlng 

Nagle’s Manual for Railroad Engineers 

Ogden’s Sewer Design. (In the jwgs.} 
Patton’s Civil Engineering 




.llhn«», iiiiirtH'ro. 
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Patton's Foundations. . , 

Prattanfl Alden’sSlreel.railwav’Eoa.i’hi.y"’ W 00 

Bockwll'a Beads and PavemlniTn ^ Sto, g 00 

Searles's Fima Engineering ““ W™. I 35 

" Pailroad Spiral 16mo, morocco, 3 00 

biebert and Biggin’s Modern Stone OuVtino. V ' i’ morocco, 1 50 

Laboratory Practice ^^sonry. . .Syo, 1 50 

Smith s Wire Manufacture and Uses ^ ^0 

Spalding’s Roads and Pavements 3 00 

^ “ Hydraulic Cement 2 00 

i aylor’s Prism oidal Formulas and EVvfW^' i' ^ 00 

Tkorston’s Materials of ConstrnctL^ 1 ^0 

^ Tiantwiue’s Civil Bnglneert Pooketibook ' ' ' 'liim; “ 

^ Cross-section 16mo, morocco, 5 00 

, ;; B«avationsandEmtankmente 

V. ^*^ymg Out Curves.. "10 ^00 

Waddell a De Pontibus (A Pocket-book fo.-' BriSrCin^S ' 

Wait's Engineering and Arrititac.nral Jurisprudlnoe!'. “““rvo, 6 M 

“ Law Of Field Operation in • Sheep, 6 50 

r°- 

Webb s Engineering Instruments.^ ;; 2 50 

X „ ••lomo, morocco, • gn 

Wegmann’s Construction of Masonry ^am.^ / * ‘ ^ 

Wellington’s Location of Railways.^. ‘ ^ 

Wheelers Civil Engineerinv • Small Svo, 5 00 

Wolff’s Windmill as a Prime Mover' ” ^00 

Svo, 3 00 


hydraulics. 


WATi.„-w™kbB-Wn,nMtnns-S™ PtP.-DKAzt,ao., Etc. 
(See also Ektcunebring, p, 7^) 


of tbe Liquid 


(Traulwine.). . . or tiie Liquid Yein. 

Bovey’s Treatise on Hydraulics! ! ! ! 

EeS’s Hydraulic jProbiems.! !' ‘ ’ ‘ ismo’ 

1 cirel s Treatise on tlie TVinrlq Oxrnir^'nar, t m * 

Puories'e Watet- and Public Heato ’ ^ Tornadoea. 8vo, 

Gangndlet & Kntter's Flow of Water, inering & 'ianiw “e°') 
Hazen's Filtration of P^-hUv, , Svo, 


2 00 
4 00 
2 50 
4 00 
1 50 


4 00 


Kicrsled’s So\vasi;c Disposal DJiiio, fl i'f> 

Mason’s WhUt Supp]}’ Svo. Ti no 

“ Exainijintion of Wnlor Jl’nio. 1 ‘jO 

Morriman’s TiraUsi! on Ilydniulics ,Hvo, 1 ()(> 

Nioliois's Walor SnppI}'’ (('lunnioal and Sanilar.v) Svo, .'lO 

Weginann's Walor Sup])!}’’ of tlio (lily of New Vork Ito, lo nil 

Woisliaoh’s irydnudi(!M. (Du Hois.) .....Hvti, 5 no 

Whipi)lo’s Mua’oacopy of .Di'iid<iiig Water Hvo, .'! ,’>(t 

Wilson’s Irrigal ion Kngino(*ring Hvo. -1 iiii 

“ Hydraulic ami Placer Mining ...... .PJmo. 2 no 

WolJf’s Windmill as a IM'imo. Mov(>r Hvo. .'! (Jp 

Wood’s Theory of Turhiiics ...Hvo, 2 fih 

MANlIPACTlIRr-5. 

B0TLKUS--KXI‘liOHIVKH — lK 0 N StKKI. — SfOAU Wonl.I.KNS. KfC, 

Allen’s 'rahlos for Iron Analysis. Hvo, U 00 

Bofiuniont’s Woollen and Wor.sled Maniifaeture. il'iuo, | 50 

Bolland’s Em'.ye.lopaalia of Founding Terma .lunjo, !1 Oo 

“ The Iron Founder l'4iun, 2 5ti 

“ “ “ " Hup|)leni('iit 2 50 

Bouvler’s Jlandhook on Oil Painling iv'imi, ■> mt 

Eisslar’s .Kxploslves, Nitroglyeerlne and Dyimiuile ,hv(<. j no 

Eodr’s Boiler .Making for Boiler Makers iHinu, j fai 

Mcleulfe'.s (lost of MunufaelureH hvo, 5 ttu 

Melealf’s yteel—A Manual for Sleel psers l2iuo, 2 (K* 

^lieisig's Guido to IMeiu; Dyeing . , y.', (hi 

Spenoer’a Bugur Manufneturer's linndhook lliiiio. nioiot ro, y no 

" Ilandbook for Gheinisis of Bet-t Siiffnt' IIoomi. 

Kljuo. »■>«. (to 

Thurston's Jramml of Hieam Boilers hvu, 5 im 

Walkti’s LtiCtures on Fxplo.sives hvu, | no 

West's American Foiuulry Prueliee PJm.., 2 :,m 

“ Moiildt'r’.H Texl-hcifik y .5o 

Wie.ehinann’s Sugar Aiiulysls. .SuntH 2 5 ii 

Woodhury’B Fire Protection of MIHh Hv.a' 2 t,u 

MATHRIALS OP PNOINIiPRINCJ. 
M'r«HN(i'i'ii™l';nAHTtfjTv IfpstHT-ASi I;. Kn-, 

Esintimnisii. p. T j 

Baker's Masonry Construction ii,, 

Beardslcc) and Konl’s Htrength of Wrought Iron. hvo* i 5o 

Bovcy’s Htrength of Materials 

Burr's Klasiieity and IfesistaMee of Materhih , nvn, Q sm 

Byrne’s Highway (.'onHirueiion mv.. r im» 


Laura’s Applied Mecliauics 8vo, 7 50 

Miulens’s Materials. (Heuning.) 8vo. {In the press.) 

Merrill’s Stones for Building and Decoration 8vo, 5 00 

Merriiuan’s Mecliauics of Materials 8vo, 4 00 

“ Strength of Materials 12mo, 100 

Patton’s Treatise on Foundations 8vo, 5 00 

Rockwell’s Roads and Pavements in France 13mo, 1 25 

Spalding’s Roads and Pavements 12mo, 2 00 

Thurston's Materials of Construction 8vo, 5 00 

” Materials of Engineering 3vols.,8vo, 8 00 

Vol. I., Ron-metallic , 8vo, 3 00 

Voh II., Iron and Steel 8vo, 3 50 

Vol. III., Alloy, s, Brasses, and Bronzes 8vo, 2 60 

Wood’s Resistance of Materials 8vo, 2 00 

MATHEMATICS. 

Calculub— Geoketry— Tiugonometrt, Etc. 

Baker’s Elliptic Functions 8vo, 1 50 

Ballard’s Pyramid Problem 8vo, 1 50 

Barnard’s Pyramid Problem 8vo, 1 60 

^Buss’s Diltorcutial Calculus 12rao, 4 00 

Briggs’s Plane Analytical Geometry 12mo, 1 00 

Chapman’s Theory of Equations 12mo, 1 60 

Compton’s Logarithmic Computations 12mo, 1 60 

Davis’s Introduction to the Logic of Algebra 8vo, 1 50 

Halsted's Elements of Geometry ...8vo, 1 76 

“ Synthetic Geometry 8vo, 150 

Johnson’s Curve Tracing 12rao, 1 00 

“ DiXCerential Equations— Ordinary and Partial. 

Small 8vo, 3 60 

“ Integral Calculus 12mo, 1 60 

" “ “ Unabridged. Small 8vo. 

{In the press.) 

” Least Squares 12mo, 1 50 

*Ludlow’s Logarithmic and Other Tables. (Bass.) 8vo, 2 00 

* “ Trigonometry with Tables. (Bass.) 8vo, 8 00 

♦Mahan's Descriptive Geometry (Stone Cutting) 8vo, 1 50 

Morriman and Woodward’s Higher Mathematics 8vo, 6 00 

Merriman’s Method of Least Squares 8vo, 2 00 

Parker’s Quadrature of the Circle 8vo, 2 50 

Rice and John, son’s Differential and Integral Calculus, 

2 vols. in 1, small 8vo, 2 50 
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Small 8vo, $3 00 

Rice and Johnson's O^gm^nt ^ Diflesenttal Calcuta^^^ ^ 

8vo, 2 50 

Totten's Metrology. • •••••• -••••'•• ' •* V/;.'/. ’ . . .2 vols., 8vo. 3 50 

Warren’s Descriptive Geometry .... 13mo, 1 2 

“ Drafting Instruments 12mo, 100 

.< Free-hand Drawing ‘ ‘ ‘ svo, 3 60 

“ Higher Linear Perspective 12mo, 100 

“ Linear Perspective l2mo, *^5 

«. Primary Geometry ‘ 13tno, 1 25 

<< Plane Problems 8vo, 2 50 

Problems and Theorems 13mo, 150 

.« projection Drawing Svo, 2 00 

.Wood’s Co-ordinate Geometry i^o. 1 00 

“ Trigonometry Large 8vo, o on 

Woolfs Descriptive Geometry 

mechanics-machinery. 

TEXT-BOOKS *BD PBACTICiB WOBKS. 

(Sfie also ENGXNEBWNG, p. 7.) ^ 

Baldrvta's Steam Heating W [ [ W '.12™. | ““ 



Orehore'a Mechanics of the Girdei 1 so 

Cromwell’S Belts and Pulleys Ig^ao, 1 nO 

<< Toothed Gearing 12mo, 1^0 

Compton’s First Lessons in Metal Wor g ;1^ 50 

Compton and De Groodt’s Speed Lathe. . ^ 50 

Dana’s Elementary Mechnni^ . • - • 2 00 

srxr ^ 10 

DU Boia'e Mechanics, 

Yol. III., Kinetics ‘///.ismo’, 100 

Fitzgerald’s Boston Machinist • • • • • Z. .. .12mo. 2 00 

Flather’s Dynamometers ^ 12mo, 2 00 

'< Hope Driving l2mo, 1 00 

Hall’s Car Lubrication l8mo, 76 

r„^“r«io'ai''Mechanic's; ■■ 'An 'Elementary TreatUc 


Jones s Miicliine Design. Part II., Strength and Proportion of 


Machine Parts 

Lanza’s Applied Mechanics [qvq 

Maodord’s Kinematics gyo’ 

Mcrriman’a Meoluinics of Materials 8voi 

Metcalfe’s Cost of Manufactures * 8vo' 

♦Micdiie’s Analytical Mechanics 8voi 

Richards’s Compressed Air 12mo, 

Robinson’s Principles of Mechanism 8vo, 

Smitli’s Press-working of Metals .8vo, 

Thurston’s Prictiou and Lost Work 8vo, 

" The Animal as a Machine 12mo, 

Warren’s Machine Construction 2 vols., 8vo, 

Woishach'a Hydraulics and Hydraulic Motors. (Du Bois.)..8vo, 
" Mechanics of Engineering. Vol. III., Part I., 

Bcc. I. (Klein.) 8vo, 

Weisbach’s Mechanics of Engineering. Vol. III., Part I., 

Sec. II, (Klein.) 8vo, 

Weishach’s Steam Engines. (Du Bois.) 8vo, 

Wood’s Analytical Mechanics 8vo, 

“ Elementary Mechanics 12mo, 

" “ “ Supplement and Key 12mo, 


METALLURGY. 

InoN— G old— Silver— Alloys, Etc. 


Allen’s Tables for Iron Analysis 8vo, 

Egleslon’c Gold and Mercury Large 8vo, 

" Metallurgy of Silver Large 8vo, 

* Kerl’s Metallurgy— Copper and Iron 8vo, 

# •' " Steel, Fuel, etc 8vo, 

Knnbardt’s Ore Dressing in Europe 8vo, 

Metc.air’s Steel— A Manual for Steel Users 12mo, 

O’Driscoirs Treatment of Gold Ores 8vo, 

Thurston’s Iron and Steel. 

” Alloys ^'^0* 

Wilson's Cyanide Processes .12mo, 


$3 00 
7 50 
5 00 

4 00 

5 00 

4 00 
1 50 
3 00 
3 00 
3 00 
1 00 
7 50 

5 00 

5 00 

5 00 
5 00 
3 »0 
1 25 
1 25 


3 00 
7 50 
7 50 
15 00 
15 00 

1 50 

2 00 
2 00 
3 50 
2 50 
1 50 


MINERALOGY AND MINING. 

Mink Aocidbntb— Ventilation— Ore Dressing, Etc. 

Barringer’s Minerals of Commercial Value — Ohl on g morocco, 2 60 

Beard’s Vontilaliou of Mines ! no 

Boyd’s Resources of South Western Virginia »vo, 6 w 

" Map of South Western Virginia Pocket-book form, 2 00 
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Determinative Mineralogy- 


Mew Ed, 8vo, 

BrusU and Penfield's Detm-mxnauvc ■ 

Chester’s Oatalogne of Minerals. . . . - - - y paper, 

8vo, 


Dictionavy o. the Nj-s i.! : : 1-®= 8vo. 


Dana’s American Localities. of _ Large half morocco 

« Descriptive Mineralogy. ° iSmo. 

" Mineralogy and Petrogiap y^ (E. S.) 12mo, 

Minerals and How to S m y^^ ^ ^ Edition . 8 vo, 


Text-book of ^^“^^^"®y-,3;Cou;pouncls.andRock^ 

1,0 1-f tnnrnnco. 


$4 00 

1 25 
50 

3 00 
1 00 

12 50 

2 00 
1 50 

4 00 


* Drinker’s Tunnelling, 


25 00 
2 50 
4 00 
2 00 
4 00 

1 50 

2 00 
50 


4to, half morocco, 

Bglestoii's Catalogae D^amite 8 to, 

BiBsler'3 Explosives— Niti-og y ,0 •, Small 8vo, 

mssalc's Hook.tormu.g MtaeralB. (Smith.). . . 

Kvmharclt's Ore Dtessmg >“ Svo. 

O'Driscoll’s Treatment ot Go d O.cs . 

• Penfleld’s Eecord ot Mmua ' _ . ^ „! Minerals and 

BosenbusoU’s Mioroscopical Pliysiogiap y 

Pocks. (Iddings.). . • Svo, 

Sawyer’s Accidents in Mines. .8vo, 

smckbridge’s Pocks and Sous 

Walke’s Lectures on Explosives. . . . . • • • • • • g^^^ 

"W^illianis’s Lithology 12mo, 

?;;rr“i.ce; Mining. 

steam and electrical engines, boilers. Etc. 

Mauinis— Locomotive— G-a-b Engines, Etc. 

STATIONAia-MAHINE E 

(See aJsci ENaiNBEKiNG, p. 

12mo, 

Baldwin’s Steam Heating for Buildings. . . 'small Svo, 

Clerk’s Gas Engine ..... • • ••••*„'' ’ ' “ ‘ 18mo, 

Ford’s Boiler Making for Bodei Makers. . . ^ ^ ^ 

Hemeuway’s Indicator Practice 

Headley's Worm-blastPumto 3,„_ 

Kneass’s Practice and Theo y 

MacOord’s Slide Valve, . • •* *^*' ' ' .... 4to, 

Meyer’s Modern Locomotive OonstrucUo • ^ ^ 

Peabody and Miller’s Swam-boilers. . 

Peabody’s Tables of Engine 8vo, 

« Thermodynamics of the ^ ^ 

i< Yalve Gears for tke bteam- g • ;__Earge8vo, 


6 00 
7 00 

2 50 
4 00 

3 00 

1 25 

2 50 


2 50 
4 00 
1 00 
2 00 

1 50 
1 60 

2 00 
10 00 

4 00 
1 00 
6 00 
2 60 
2 50 


lloagau’s Steam arid Electric Locomotives 12mo, $2 00 

ROntgeii’s Triermodyuamics. (Du Bois.) 8vo, 5 00 

Siuclair’s Locomotive Ruuuiug 12mo, 2 00 

Snow s Steam-boiler Practice 8vo. {In the press.) 

Thurston’s Boiler Explosions l2mo, 1 50 

“ Engine and Boiler Trials 8vo, 5 00 

“ Manual of the Steam Engine. Part I., Structure 

and Theory 8vo, 6 00 

" Manual of the Steam Engine. Part II., Design, 

Construction, and Operation 8vo, 6 00 

2 parts, 10 00 

Tluirstoii’s Philosophy of the Steam Engine 12mo, 75 

“ Rellectiou on the Motive Power of Heat. (Carnot.) 

12ino. 1 50 

“ Stationary Steam Engines 8vo, 2 50 

" Steam-boiler Construction and Operation 8vo, 5 00 

Spangler’s Valve Gears 8vo, 2 50 

Woisbach’s Steam Engine. (Du Bois.) 8vo, 5 00 

Whitham’s Constructive Steam Engineering 8vo, 6 00 

" Steam-eugiue Design 8vo, 5 00 

Wilson’s Steam Boilers. (Flather.) 12mo, 2 50 

Wood’s Thermodynamics, Heat Motors, etc 8vo, 4 00 


TABLES, WEIGHTS, AND MEASURES. 

Fob ACTtiABiKS, Chismists, Enginkeks, Mechanics— Metric 


Tables, Etc. 

Adrianoe's Laboratory Calculations 12nio, . 1 25 

Allen’.s Tables for Iron Analysis 8vo, 3 00 

Bixby’s Graphical Computing Tables Sheet, 25 

Compton’s Logaritlm s 12mo, 1 50 

Crandall’s Railway and Earthwork Tables 8vo, 1 50 

Eg]e.ston’,s Wciglits and Measures 18mo, 75 

Fisher's Table of Cubic Yards Cardboard, 26 

ITiidsou’s Excavation Tables. Vol. II 8vo, 100 

Johnson’s Stadia and Earthwork Tables 8vo, 1 25 

Ludlow’s Logarithmic and Other Tables. (Bass.) 12mo, 2 00 

Totten’s Metrology 8vo, 2 50 

VENTILATION. 

Steam Heatino — House Inspection — Mine Ventilation. 

Baldwin’s Steam Heating 12mo, 2 50 

Beard’s Ventilation of Mines 12mo, 2 50 

Carpenter’s Heating and Ventilating of Buildings 8vo, 3 00 

Gerhard’s Sanitary House Inspection 12mo, 1 00 

Reid's Ventilation of American Dwellings 12mo, 1 50 



MISCELLANEOUS PUBLICATIONS. 


Alcott’s Gems, Sentiment, Language Gilt edges, $5 00 

Bailey’s The New Tale of a Tub 8vo, 75 

Ballard’s Solution of the Pyramid Problem 8vo, 1 50 

Barnard’s The Metrological System of the Great Pyramid. .8vo, 1 50 

Davis’s Elements of Law 8vo, 2 00 

Emmon’s Geological Guide-book of the Rocky Mountains. .8vo, 1 50 

Perrel’s Treatise on the Winds 8vo, 4 00 

Haines’s Addresses Delivered before the Am. Ry. Assn. ..12mo. 2 50 

Mott’s The Fallacy of the Present Theory of Sound. .Sq. lOino, 1 00 

Perkins’s Cornell University Oblong 4to, 1 50 

Ricketts’s Histojy of Rensselaer Polytechnic Institute 8vo, 3 00 

Rotherham’s The New Testament Critically Emphasized. 

12mo, 1 50 

“ The Emphasized New Test. A new translation. 

Large 8vo, 2 00 


Totten’s An Important Question in Metrology 8vo, 2 60 

Whitehouse’s Lake Mceris Paper, 25 

* Wiley’s Yoseraite, Alaska, and Yellowstone 4to, 8 00 


HEBREW AND CHALDEE TEXT-BOOKS. 

Foil Schools and Thtcological Seminahies. 

Geseuiiis’s Hebrew and Chaldee Lexicon to Old Testament. 

(Tregelles.). Small 4to, half morocco, 6 00 

G;reen’s Elementary Hebrew Grammar 12mo, 1 26 

“ Grammar of the Hebrew Language (New Edition). 8 vo, 3 00 

“ Hebrew Chrestomathy 8vo, 2 00 

Letteris’s Hebrew Bible (Massoretic Notes in English). 

8vo, arabesque, 2 26 

MEDICAL. 

Bull’s Maternal Management in I-Iealth and Disease 12mo, 1 00 

Hammarsteu’s Physiological Chemistry. (Mandel.) 8vo, 4 00 

Mott’s Composition, Digestibility, and Nutritive Value of Food. 

Large mounted chart, I 26 

Ruddiman’s Incompatibilities in Prescidptioiis 8vo, 2 00 

Steel’s Treatise on the Diseases of the Ox 8vo, C 00 

“ Treatise on the Diseases of the Dog 8vo, 3 60 

Woodhull’s Military Hygiene 16mo, ■ 1 60 

Worcester’s Small Hospitals — Establishment and Maiulenancc, 
including Atkinson’s Suggestions for Hospital Archi- 
tecture 12mo, 1 26 


